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This invention provides methods of modifying feeding b^tor. 
including tocreasing or decreasing food consumption, e.g.. in connection 
widi treating obesity, bulimia or anorexia. These methods invol ve 
administration of selective agonists or antagonists or Ac Y5 receptor. 
One such antagonist has structure (I). In addition, this invention provides 
an isolated nucleic acid molecule encoding a Y5 receptor, an isolated 
Y5 receptor protein, vectors comprising an isolated nucleic acid molKule 
encoding a Y5 receptor, cells comprising such vectors, antibodies directed 
to the Y5 receptor, nucleic acid probes useful for detecting nucleic acid 
encoding Y5 receptors, antisense oligonucleotides complementary to any 
unique sequences of a nucleic acid molecule which encodes a Y5 receptor, 
and nonhuman transgenic animals which express DNA a normal or a 
mutant Y5 receptor. 
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METHODS OF MODIFYING FBEDHIG BEHAVIOR. CQMPOU WDS USEFUL 
IN SUCH METHODS. AND DMA BWCODING A HYPOTHAIAM IC ATYPICAL 
S NEUROPEPTIDE Y/PEPTIDE YY RECEPTOR (Y5) 

This application is a continuation-in-part o£ U.S. Serial 
No. 08/349,025, filed December 2, 1994, the contents of 
which are hereby incorporated by reference into the 
10 subject application. 

Backcrro vTTi^ 9C the Invention 

Throughout this application, various references are 
referred to within parentheses. Disclosures of these 

15 publications in their entireties are hereby incorporated 
by reference into this application to more fully describe 
the state of the art to which this invention pertains. 
Full bibliographic citation for these references may be 
found at the end of this application, preceding the 

20 sequence listing and the claims. 

Neuropeptide Y (NPY) is a member of the pancreatic 
polypeptide family with widespread distribution 
throughout the mammalian nervous system. NPY and its 

25 relatives (peptide YY or PYY, and pancreatic polypeptide 
or PP) elicit a broad range of physiological effects 
through activation of at least five G protein- coupled 
receptor subtypes known as Yl, Y2, Y3, Y4 (or PP) , and 
the "atypical Yl". The role of NPY as the most powerful 

30 stimulant of feeding behavior yet described is thought to 
occur primarily through activation of the hypothalamic 
"atypical Yl" receptor. This receptor is unique in that 
its classification was based solely on feeding behavior 
data, rather than radioligand binding data, unlike the 

35 Yl, Y2, Y3, and Y4 (or PP) receptors, each of which were 
described previously in both radioligand binding and 
functional assays. Applicants now report the use of a 
"*I-PYY-based expression cloning technique to isolate a 
rat hypothalamic cDNA encoding an "atypical Yl" receptor 

40 referred to herein as the Y5 subtype. Applicants also 
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report the isolation and characterization of a Y5 homolog 
from human hippocampus. Protein sequence analysis 
reveals that the Y5 receptor belongs to the G protein- 
coupled receptor superfamily. Both the human and rat 
5 homolog display s 42% identity in transmembrane domains 
with the previously cloned "Y-type" receptors. Rat brain 
localization studies using in situ hybridization 
techniques verified the existence of Y5 receptor mRNA in 
rat hypothalamus. Pharmacological evaluation revealed 

10 the following similarities between the YS and the 
"atypical Yl" receptor. l) Peptides bound to the Y5 
receptor with a rank order of potency identical to that 
described for the feeding response: NPY 2 NPYa^s = PYY = 
[Leu", Pro"] NPY » NPYi3.3«. 2) The Y5 receptor was 

15 negatively coupled to cAMP accumulation, as had been 
proposed for the "atypical Yl" receptor. 3) Peptides 
activated the Y5 receptor with a rank order of potency 
identical to that described for the feeding response. 4) 
The reported feeding "modulator" [D-Trp^^]NPY bound 

20 selectively to the Y5 receptor and subsequently activated 
the receptor. 5) Both the Y5 and the "atypical Yl" 
receptors were sensitive to deletions or modifications in 
the midregion of NPY and related peptide ligands. These 
data support the identity of the Y5 receptor as the 

25 previously described "atypical Yl", and furthermore 
indicate a role for the Y5 receptor as a potential target 
in the treatment of obesity, metabolism, and appetite 
disorders. 

30 The peptide neurotransmitter neuropeptide Y (NPY) is a 36 
amino acid member of the pancreatic polypeptide family 
with widespread distribution throughout the mammalian 
nervous system. NPY is considered to be the most powerful 
stimulant of feeding behavior yet described (Clark et 

35 al., 1984; Levine and Morley, 1984; Stanley and 
Leibowitz, 1984) . Direct injection into the hypothalamus 
of satiated rats, for example, can increase food intake 
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up to 10-fold over a 4-hour period (Stanley et al., 
1992) . The role of NPY in normal and abnormal eating 
behavior, and the ability to interfere with NPY-dependent 
pathways as a means to appetite and weight control, are 
5 areas of great interest in pharmacological and 
pharmaceutical research (Sahu and Kalra, 1993; Dryden et 
al., 1994) . Any credible means of studying or controlling 
NPY-dependent feeding behavior, however, must necessarily 
be highly specific as NPY can act through at least 5 

10 pharmacologically defined receptor subtypes to elicit a 
wide variety of physiological functions (Dumont et al., 
1992) . It is therefore vital that knowledge of the 
molecular biology and structural diversity of the 
individual receptor subtypes be understood as part of a 

15 rational drug design approach to develop subtype 
selective compounds. A brief review of NPY receptor 
pharmacology is summarized below and also in Table 1. 

TABLE 1 : Phamacologically defined receptors for NPY Mid 
20 related pancreatic polypeptides. 



Rank orders of affinity for key peptides (NPY, PYY, PP, 
[Leu",Pro^^]NPY, NPYj.j*. and NPYia.je) are based on 
previously reported binding and functional data (Schwartz 
et al., 1990; Wahlestedt et al., 1991; Dumont et al-, 
1992; Wahlestedt and Reis, 1993). Data for the Y2 
receptor were disclosed in U.S. patent application 
08/192,288 filed on 2/3/94, currently pending, the 
foregoing contents of which are hereby incorporated by 
reference. Data for the Y4 receptor were disclosed in 
U.S. patent application 08/176,412 filed on 12/28/93, 
currently pending, the foregoing contents of which are 
hereby incorporated by reference. Missing peptides in 
the series reflect a lack of published information. 



35 
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20 

NPY Receptor Pharmacology 



NPY receptor pharmacology has historically been based on 
structure/activity relationships within the pancreatic 

25 polypeptide family. The entire family includes the 
namesake pancreatic polypeptide (PP) , synthesized 
primarily by endocrine cells in the pancreas; peptide YY 
(PYY) , synthesized primarily by endocrine cells in the 
gut; and NPY, synthesized primarily in neurons (Michel, 

30 1991; Dumont et al., 1992; Wahlestedt and Reis, 1993). 
All pancreatic polypeptide family members share a compact 
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stnicture involving a "PP-fold" and a conserved C- 
terminal hexapeptide ending in Tyr** (or Y" in the single 
letter code) . The striking conservation of Y** has 
prompted the reference to the pancreatic polypeptides' 
5 receptors as "Y-type" receptors (Wahlestedt et al., 
1987) , all of which are proposed to function as seven 
transmembrane -spanning G protein-coupled receptors 
(Duraont et al., 1992). 

10 The Yl receptor recognizes NPY ie PYY » PP (Grundemar et 
al., 1992) . The receptor requires both the N- and the C- 
terminal regions of the peptides for optimal recognition. 
Exchange of Gin" in NPY or PYY with the analogous 
residue from PP (Pro"), however, is well -tolerated. The 

15 Yl receptor has been cloned from a variety of species 
including human, rat and mouse (Larhammar et al, 1992; 
Herzog et al, 1992; Eva et al, 1990; Eva et al. 1992) . 
The Y2 receptor recognizes PYY - NPY » PP and is 
relatively tolerant of N-terminal deletion (Grxindemar et 

20 al., 1992). The receptor has a strict requirement for 
structure in the C-terminus {Arg"-Gln"-Arg"-Tyr"-NH,) ; 
exchange of Gin" with Pro", as in PP, is not well 
tolerated. The Y2 receptor has recently been cloned 
(disclosed in US patent application Serial No. 

25 08/192,288, filed February 3, 1994). The Y3 receptor is 
characterized by a strong preference for NPY over PYY and 
PP (Wahlestedt et al., 1991). [Pro"lNPY is reasonably 
well tolerated even though PP, which also contains Pro", 
does not bind well to the Y3 receptor. This receptor 

30 (Y3) has not yet been cloned. The Y4 receptor (disclosed 
in U.S. patent application Serial No. 08/176,412, filed 
December 28, 1993) binds PP > PYY > NPY. LiJce the Yl, the 
Y4 requires both the N- and the C-terminal regions of the 
peptides for optimal recognition (Synaptic Y4 patent) . 

35 The "atypical Yl" or "feeding" receptor was defined 
exclusively by injection of several pancreatic 
polypeptide analogs into the paraventricular nucleus of 
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the rat hypothalamus which stimulated feeding behavior 
with the following rank order: NPYj.j^ > npy - pyy - 
[Leu",Pro"]NPy > NPY,3.3. (Kalra et al., 1991; Stanley et 
al., 1992). The profile is similar to that of a Yl-like 
receptor except for the anomalous ability of NPY^.j, to 
stimulate food intake with potency equivalent or better 
than that of NPY. A subsequent report in J. Med. Chen, by 
Balasubramaniam and co-workers (1994) showed that feeding 
can be regulated by [D-Trp»]NPY. While this peptide was 
presented as an NPY antagonist, the published data at 
least in part support a stimulatory effect of (D-Trp«] NPY 
on feeding. [D-Trp"]NPY thereby represents another 
diagnostic tool for receptor identification, in contrast 
to other NPY receptor subtypes, the "feeding" receptor 
has never been characterized for peptide binding affinity 
in radioligand binding assays and the fact that a single 
receptor could be responsible for the feeding response 
has been impossible to validate in the absence of an 
isolated receptor protein; the possibility exists, for 
example, that the feeding response could be a composite 
profile of Yl and Y2 subtypes. 



Applicants now report the isolation by expression cloning 
of a novel Y-type receptor from a rat hypothalamic cDNA 

25 library, along with its pharmacological characterization, 
in SitW localization, and human homologues. The data 
provided link this newly-cloned receptor subtype, from 
now on referred to as the Y5 subtype, to the "atypical 
Yl" feeding response. This discovery therefore provides 

30 a novel approach, through the use of heterologous 
expression systems, to develop a subtype selective 
antagonist for obesity and other indications. 

Applicants further report the isolation of a canine Y5 
35 receptor. In addition, applicants report the discovery 
of chemical compounds which bind selectively to the Y5 
receptor of the present invention and which act as 
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antagonists of the Y5 receptor. Several of the compounds 
were further shown to inhibit food intake in rats. 

The treatment of disorders or diseases associated with 
5 the inhibition of the Y5 receptor subtype, especially 
diseases caused by eating disorders such as obesity, 
bulimia nervosa, diabetes, and dislipidimia may be 
effected by administration of compounds which bind 
selectively to the Y5 receptor and inhibit the activation 
10 of the Y5 receptor. Furthermore, any disease states in 
which the Y5 receptor subtype is involved, for example, 
memory loss, epileptic seizures, migraine, sleep 
disturbance, and pain may also be treated using compoxinds 
which bind selectively to the Y5 receptor. 
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pMTfnf TY Invention 

This invention provides a method of modifying feeding 
behavior of a subject which comprises administering to 
5 the subject an amount of a compound which is a Y5 
receptor agonist or antagonist effective to increase or 
decrease consumption of food by the subject so as to 
thereby modify feeding behavior of the subject. 

10 This invention provides a method of treating a feeding 
disorder in a subject which comprises administering to 
the subject an amount of a non-peptidyl compound which is 
a Y5 receptor antagonist effective to inhibit the 
activity of the sxibject's Y5 recetpor, wherein the 

15 binding of the compound to the human receptor is 
characterized by a Ki less than 100 nanomolar when 
measured in the presence of "'I-PYY. 

This invention provides a method of treating a feeding 
20 disorder in a subject which comprises administering to 
the subject an amount of a peptidyl compound which is a 
Y5 receptor antagonist effective to inhibit the activity 
of the subject's Y5 receptor, wherein the compound's 
binding to the human Y5 receptor is characterized by a 
25 less than 10 nanomolar when measured in the presence of 
"^I-PYY. 

This invention provides a method of treating a feeding 
disorder in a subject which comprises administering to 

30 the subject an amount of a non-peptidyl compound which is 
a Y5 receptor agonist effective to increase the activity 
of the subject's Y5 receptor, wherein (a) the binding of 
the compound to the human Y5 receptor is characterized by 
a less than 100 nanomolar when measured in the presence 

35 of ^^^I-PYY; and (b) the binding of the compound to any 
other human Y-type receptor is characterized by a 
greater than 1000 nanomolar when measured in the presence 
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of "*i-pyY. 

This invention provides a method of treating a feeding 
disorder in a subject which comprises administering to 
5 the subject an amoxint of a non-peptidyl compound which is 
a Y5 receptor agonist effective to increase the activity 
of the subject's Y5 receptor, wherein (a) the binding of 
the compound to the human Y5 receptor is characterized by 
a Ki less than 1 nanomolar when measured in the presence 
10 of "^I-PYY; and (b) the compound's binding to any other 
human Y-type receptor is characterized by a Ki greater 
than 100 nanomolar when measured in the presence of 
PYY- 

15 This invention provides a method of treating a feeding 
disorder in a subject which comprises administering to 
the subject an amount of a peptidyl compound which is a 
Y5 receptor agonist effective to increase the activity of 
the subject's Y5 receptor, wherein (a) the binding of the 

20 compound to the human Y5 receptor is characterized by a 
Ki less than 1 nanomolar when measured in the presence of 
"^I-PYY; and (b) the binding of the compound to any other 
human Y-type receptor is characterized by a greater 
than 25 nanomolar when measured in the presence of 

25 PYY. 

This invention provides a method of treating a feeding 
disorder in a subject which comprises administering to 
the subject an amount of a peptidyl compound which is a 

30 Y5 receptor agonist effective to increase the activity of 
the subject's Y5 receptor, wherein (a) the binding of the 
compound to the human Y5 receptor is characterized by a 
Ki less than 0.1 nanomolar when measured in the presence 
of ^"I-PYY; and (b) the binding of the compound to any 

35 other human Y-type receptor is characterized by a K, 
greater than 1 nanomolar when measured in the presence of 

125 J. PYY. 
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This invention provides a method of treating a feeding 
disorder in a subject which comprises administering to 
the subject an amount of a peptidyl compound which is a 
y5 receptor agonist effective to increase the activity of 
the subject's Y5 receptor, wherein (a) the binding of the 
compound to the human Y5 receptor is characterized by a 
Ki less than 0.01 nanomolar when measured in the presence 
of "^i-PYY; and (b) the binding of the compound to any 
other human Y-type receptor is characterized by a 
greater than l nanomolar when measured in the presence of 
"'I-PYY. 



This invention provides an isolated nucleic acid encoding 
a Y5 receptor. This invention also provides an isolated 
Y5 receptor protein. This invention provides a vector 
comprising the above -described nucleic acid. 



This invention provides a plasmid which comprises the 
regulatory elements necessary for expression of DNA in a 
mammalian cell operatively linked to the DNA encoding the 
human Y5 receptor as to permit expression thereof 
designated pcEXV-hY5 (ATCC Accession No. 75943) . 



This invention provides a plasmid which comprises the 
regulatory elements necessary for expression of DNA in a 
mammalian cell operatively linked to the DNA encoding the 
rat Y5 receptor as to permit expression thereof 
designated pcEXV-rY5 (ATCC Accession No. 75944). 



This invention provides a mammalian cell comprising the 
above -described plasmid or vector. 

This invention provides a nucleic acid probe comprising 
a nucleic acid of at least 15 nucleotides capable of 
specifically hybridizing with a xinique sequence included 
within the sequence of a nucleic acid encoding a Y5 
receptor . 
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Thi. invention provides an antisens. oligonucleotide 
Zl,\ se^ence capable ot specifically »V'»i^"^'>f " 
^ encoding a V. receptor .o a. to prevent tr«>.lation 

of the mRNA. 

' This invention provides an antibody directed to a Y5 

receptor . 

r^s invention provide, a POa^-'i"; .^I^To 
an amount of the oligonucleotide effective to 

" '"ZT^ZtTlt a hua«n YS receptor by passing through 
reduce activity „._ificallv with rSSk 

. cell meinbrane and binding specifically wit 

tnc^ing a hu«>an Y5 receptor in the cell so as to prevent 
itrtranslation and a phar^aceutically acceptable carrier 

15 capable of passing through a cell nienirane. 

..is invention pr^ide. ^^^"-XT:^^^"^'"^^^^ 
co^rising an «»unt of «. antagonist ,f Ucti« ^ 

the activity of a hu«an V5 receptc 
20 pharwceutically aec«.table carrier. 

invention P-idee a ^-^^l^l^^ ^^^J^JZ 
or rr tcTp^rl^" phar^ceuticny 
25 acceptable carrier. 

ij^B the above -described 
This invention provides ^^^^ „t 

'■-^"-"iiru^^tr :r :Xg Of » ugand to 

„ t^ntcep":: ::: a phar^aceuticauy acceptable 



carrier . 



35 



This invention provides a transgenic ncnhu^an .a™.al 
I!:;ressing DN* encoding a human YS receptor . 

nrcvides a method for determining 
rth~r cl r^cifically bind to a YS receptor 
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which comprises contacting a cell * 
expressing D«A encoding the Ys L ^'^^ 
under conditions permitting ILrn^T ''^^'^^ 
receptor, detecting the presence of 
5 specifically bound to the YS ' '"""^ ''^^^'^ 

determining whether the ligand specYfTcaTl'v bTd 

Y5 receptor. pecitacally binds to the 

This invention provides a m^t-u j * 
" . ligand ca. s^cifliw <iete„i„i„g whether 

ccpri^es preparing "^ell .^T.c ° ' " 
wUh an. e:.re«L. 0^ rrJn^e'^'r""" 
isolating a membrane £racti=„ , . receptor, 

contacting the J^^^the"" T""' 

IS condition, permitting binding of l . " 
receptor, detecting the "!» ' " ™* 

specificUy bound to The y7 "'^"^ 

.TrCt-— ' the ltJU=. - 

!0 

This invention provides a m^t-h^ * 

a ligand ie a V5 rtce.? '^"'rmining whether 

co^tacti a cell ^.^.^^^.^^^ 

= :^^ZL^ - tr:r Tth? 

detecting an increase in Ys rJL ""^^^P^or. 

contacting a cell tranafected with and expressing m 

a known YS receptor agonist, such as PYY or NPy u„h- 
conditions permitting the activation of the VB rLp" r 
detecting a decrease in V5 receptor activity, and th!":; 
determining whether the li^e^d is a VS reclpt'r 
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antagonist . 

This invention provides a method of screening a plurality 
of chemical compounds not known to bind to a Y5 receptor 
5 to identify a compound which specifically binds to the Y5 
receptor. which comprises (a) contacting a cell 
transfected with and expressing DNA encoding the YS 
receptor with a compound known to bind specifically to 
the Y5 receptor; (b) contacting the preparation of step 

10 (a) with the plurality of compounds not known to bind 
specifically to the Y5 receptor, under conditions 
permitting binding of compounds known to bind the Y5 
receptor; (c) determining whether the binding of the 
compound known to bind to the Y5 receptor is reduced in 

15 the presence of the compounds, relative to the binding of 
the compound in the absence of the plurality of 
compounds; and if so (d) separately determining the 
binding to the Y5 receptor of each compound included in 
the plurality of compounds, so as to thereby identify the 

20 compound which specifically binds to the Y5 receptor. 

This invention provides a method of screening a plurality 
of chemical compounds not known to bind to a Y5 receptor 
to identify a compound which specifically binds to the Y5 
25 receptor, which comprises (a) preparing a cell extract 
from cells transfected with and expressing DNA encoding 
the YS receptor, isolating a membrane fraction from the 
cell extract, contacting the membrane fraction with a 
compound known to bind specifically to the Y5 receptor; 

30 (b) contacting preparation of step (a) with the plurality 
of compounds not known to bind specifically to the YS 
receptor. under conditions permitting binding of 
compounds known to bind the YS receptor; (c) determining 
whether the binding of the compound known to bind to the 

35 YS receptor is reduced in the presence of the compounds, 
relative to the binding of the compound in the absence of 
the plurality of compounds; and if so (d) separately 
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10 



15 



20^ 



determining the binding to the Y5 receptor of each 
compound included in the plurality of compounds, so as to 
thereby identify the compound which specifically binds to 
the YS receptor. 

This invention provides a method of screening a plurality 
of chemical compounds not known to activate a Y5 receptor 
to identify a compound which activates the Y5 receptor 
which comprises (a) contacting a cell transfected with 
and expressing the Y5 receptor with the plurality of 
compounds not known to bind specifically to the Y5 
receptor, under conditions permitting activation of the 
Y5 receptor; (b) determining whether the activity of the 
Y5 receptor is increased in the presence of the 
compounds; and if so (c) separately determining whether 
the activation of the Y5 receptor is increased by each 
compound included in the plurality of compounds, so as to 
thereby identify the compound which activates the Y5 
receptor . 



This invention provides a method of screening a plurality 
of chemical compounds not known to activate a Y5 receptor 
to identify a compound which activates the Y5 receptor 
which comprises (a) preparing a cell extract from cells 

25 transfected with and expressing DNA encoding the Y5 
receptor, isolating a membrane fraction from the cell 
extract, contacting the membrane fraction with the 
plurality of compounds not known to bind specifically to 
the Y5 receptor, under conditions permitting activation 

30 of the Y5 receptor; (b) determining whether the activity 
of the YS receptor is increased in the presence of the 
compounds; and if so (c) separately determining whether 
the activation of the Y5 receptor is increased by each 
compound included in the plurality of compounds, so as to 

35 thereby identify the compound which activates the Y5 
receptor. 
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This invention provides a method of screening a plurality 
of chemical compounds not known to inhibit the activation 
of a Y5 receptor to identify a compound which inhibits 
the activation of the Y5 receptor, which comprises (a) 
5 contacting a cell transfected with and expressing the Y5 
receptor with the plurality of compounds in the presence 
of a known Y5 receptor agonist, under conditions 
permitting activation of the Y5 receptor; (b) determining 
whether the activation of the Y5 receptor is reduced in 
10 the presence of the plurality of compounds, relative to 
the activation of the Y5 receptor in the absence of the 
plurality of conqpounds; and if so (c) separately 
determining the inhibition of activation of the Y5 
receptor for each compound included in the plurality of 
compounds, so as to thereby identify the compound which 
inhibits the activation of the Y5 receptor. 

This invention provides a method of screening a plurality 
of chemical compounds not known to inhibit the activation 
of a YS receptor to identify a compound which inhibits 
the activation of the Y5 receptor, which comprises (a) 
preparing a cell extract from cells transfected with and 
expressing DNA encoding the Y5 receptor, isolating a 
membrane fraction from the cell extract, contacting the 
membrane fraction with the plurality of compounds xn the 
presence of a known Y5 receptor agonist, under conditions 
permitting activation of the Y5 receptor; (b) determining 
whether the activation of the Y5 receptor is reduced m 
the presence of the plurality of compounds, relative to 
the activation of the Y5 receptor in the absence of the 
plurality of compounds; and if so (c) separately 
determining the inhibition of activation of the Y5 
receptor for each compound included in the plurality of 
compounds, so as to thereby identify the compound which 
35 inhibits the activation of the YS receptor. 

This invention provides a method of screening drugs to 
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Identify drugs which specifically bind to a Y5 receptor 
on the surface of a cell which conprises contacting a 
cell transfected with and expressing DNA encoding a Ys 
receptor with a plurality of drugs under conditions 
permitting binding of drugs to the Y5 receptor 
determining those drugs which specifically bind to the 
transfected cell, and thereby identifying drugs which 
specifically bind to the Y5 receptor. 

This invention provides a method of screening drugs to 
Identify drugs which act as agonists of a Y5 receptor 
which con?,rises contacting a cell transfected with and 
es^ressing DNA encoding a Y5 receptor with a plurality of 
drugs under conditions permitting the activation of a 
functional Y5 receptor response, determining those drugs 
which activate such receptor in the cell, and thereby 
Identify drugs which act as Y5 receptor agonists. 

This invention provides a method of screening drugs to 
Identify drugs which act as Y5 receptor antagonists which 
comprises contacting cells transfected with and 
expressing DNA encoding a Y5 receptor with a plurality of 
drugs in the presence of a known Y5 receptor agonist, 
such as PYY or NPY. under conditions permitting the 
25 activation of a functional YS receptor response, 
determining those drugs which inhibit the activation of 
the receptor in the mammalian cell. and thereby 
identifying drugs which act as Y5 receptor antagonists. 



20 



35 



an 



30 This invention provides a method of treating 

abnormality in a subject, wherein the abnormality is 
alleviated by the inhibition of a Y5 receptor which 
comprises administering to a subject an effective amount 
of Y5 receptor antagonist. 



This invention provides a method of treating an 
abnormality in a subject wherein the abnormality is 
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alleviated by the activation of a YS receptor which 
comprises administering to a svibject an effective amount 
of a Y5 receptor agonist. 

5 This invention provides a method for diagnosing a 
predisposition to a disorder associated with the activity 
of a specific human Y5 receptor allele which con?)rises: 
a. obtaining DNA of subjects suffering from the disorder; 
performing a restriction digest of the DNA with a paniel 

10 of restriction enzymes; c. electrophoretic-ally 
separating the resulting DNA fragments on a sizing gel; 
d. contacting the resulting gel with a nucleic acid probe 
capable of specifically hybridizing to DNA encoding a 
human Y5 receptor and labelled with a detectable marker; 

15 e. detecting labelled bands which have hybridized to the 
DNA encoding a human Y5 receptor labelled with a 
detectable marker to create a unique band pattern 
specific to the DNA of subjects suffering from the 
disorder; f. preparing DNA obtained for diagnosis by 

20 steps a-e; and g. comparing the unique band pattern 
specific to the DNA of subjects suffering from the 
disorder from step e and the DNA obtained for diagnosis 
from step f to determine whether the patterns are the 
same or different and to diagnose thereby predisposition 

25 to the disorder if the patterns are the same. 

This invention provides a method of preparing the 
isolated Y5 receptor which comprises: a. inserting 
nucleic acid encoding Y5 receptor in a suitable vector 

30 which comprises the regulatory elements necessary ofr 
expression of the nucleic acid operatively linked to the 
nucleic acid encoding a Y5 receptor; b. inserting the 
resulting vector in a suitable host cell so as to obtain 
a cell which produces the Y5 receptor; c. recovering the 

35 receptor produced by the resulting cell; and d. purifying 
the receptor so recovered. 
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Prlag DaserlDtlon of tha T^ gn^^T 



£iguEg_l Competitive displacement of "'i-pyy on membranes 
from rat hypothalamus. Membranes were incubated with 
5 PYY and Increasing concentrations of peptide competitors. 
IC50 values corresponding to 50* displacement were 
determined by nonlinear regression analysis. Data are 
representative of at least two independent experiments. 
IC50 values for these compounds are listed separately in 
10 Table 2. 



Fiqwr? ? Competitive displacement of '^Sj.pyy 
membranes from rat hypothalamus. Membranes 



on 



were 



incubated with "'l-PYY,.,, and increasing concentrations of 
15 peptide competitors. ic,, values corresponding to 50% 
displacement were determined by nonlinear regression 
analysis. Data are representative of at least two 
independent experiments, ic,^ values for these compounds 
are listed separately in Table 2. 

20 

^^"^^^ ? Nucleotide sequence of the rat hypothalamic Y5 
CDNA clone (Seq. I.D. No 1). Initiation and stop codons 
are underlined. Only partial 5' and 3' untranslated 
sequences are shown. 

25 

Fiqur^ 4 Corresponding amino acid sequence of the rat 
hypothalamic Y5 cDNA clone (Seq. i.d. No. 2). 

^^^^rg ^ Nucleotide sequence of the human hippocampal Y5 
30 CDNA clone (Seq. I.D. No. 3). Initiation and stop codons 
are underlined. Only partial 5' and 3' untranslated 
sequences are shown. 

^^^^^^ ^ Corresponding amino acid sequence of the human 
35 hippocampal Y5 cDNA clone(Seq. I.d. No. 4). 



Figure 7 A-E. Comparison of coding nucleotide sequences 
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between rat hypothalamic Y5 (top row) and hunan 
hippocampal Y5 (bottom row) cDNA clones (84.1% nucleotide 
identity) . F-G. Comparison of deduced amino acid 
sequence between rat hypothalamic Y5 (top row) and human 
hippocampal Y5 (Bottom row) cDNA clones (87.2% overall 
and 98.8% transmembrane domain identities). 

Piourc 8 Comparison of the human Y5 receptor deduced 
amino acid sequence with those of the human Yl, Y2, Y4 
sequences. Solid bars, the seven putative membrane- 
spanning domains (TM I-VII) . Shading, identities between 
receptor sequences. 



Figure 9 Equilibrium binding of "Sj-pyy to membranes from 
15 COS-7 cells transiently expressing rat Y5 receptors. 
Membranes were incubated with ^"l-PYY for the times 
indicated, in the presence or absence of 300 nM human 
NPY. specific binding, B, was plotted against time, t, 
to obtain the maximum number of equilibrium binding 
sites, B , and observed association rate, K^, according 
to the Ration, B - * (l - e' <"*••") . Binding is 
shown as the percentage of total equilibrium binding, B^,, 
determined by nonlinear regression analysis. Each point 
represents a triplicate determination. 



Figure 10 Saturable equilibrium binding of '»I-PYY to 
. membranes from COS-7 cells transiently expressing rat Y5 
receptors. Membranes were incubated with «'l-PYY ranging 
in concentration from 0.4 pM to 2.7 nM, in the presence 
30 or absence of 300 nM human npy. specific binding, B, was 
plotted against the free '"i-pyy concentration, [L], to 
obtain the maximum number of saturable binding sites, B„,, 
and the "*I-PYY equilibrium dissociation constant, K^, 
according to the binding isotherm, B = B^,[L1/([L] + K^) • 
35 Specific binding is shown. Data are representative of 
three independent experiments, with each point measured 
in triplicate. 
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Ficror? 11 competitive displacement of ^^Si^pyy from COS-7 
cells transiently expressing rat YS receptors. Membranes 
were incubated with '»l-PYy and increasing concentrations 
of peptide competitors, ic^ values corresponding to 50% 
displacement were determined by nonlinear regression 
analysis and converted to K, values according to the 
equation, Kj=IC5o/(l + tLJ/K^) , where [L] is the '»I-PYY 
concentration and is the equilibrium dissociation 
constant of '"i.pyy. D^^a are representative of at least 
two independent experiments. Rank orders of affinity for 
these and other compounds are listed separately in Table 
4. 



Fiqurg 12 Inhibition of forskol in-stimulated cAMP 
15 accumulation in intact 293 cells stably expressing rat Y5 
receptors. Functional data were derived from 

radioimmunoassay of cAMP in 293 cells stimulated with lo 
HM forskolin over a 5 minute period. Rat/human NPY was 
tested for agonist activity at concentrations ranging 
20 from 0.03 pM to 0.3 mi over the same period. The ECy, 
value corresponding to 50% maximal activity was 
determined by nonlinear regression analysis. The data 
shown are representative of three independent 
experiments . 

25 

Ficwre 13 Schematic diagrams of coronal sections through 
the rat brain, illustrating the distribution of NPY Y5 
receptor mFNA, as visualized microscopically in sections 
dipped in liquid emulsion. The sections are arranged 
30 from rostral (A) to caudal (H) . Differences in silver 
grain density over individual neurons in a given area are 
indicated by the hatching gradient. The full definitions 
for the abbreviations are as follows; 

Aco = anterior cortical amygdaloid nucleus; 
35 AD = anterodorsal thalamic nucleus; 

APT = anterior pretectal nucleus; 

Arc " arcuate hypothalamic nucleus; 
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BIA * basolateral amygdaloid nucleus anterior; 

CAB « field CA3 of Ammon's horn, hippocampus; 

CeA » central amygdaloid nucleus; 

eg = cingulate cortex; 

CL « centrolateral thalamic nucleus; 

CM » central medial thalamic nucleus 

DG = dentate gyrus, hippocampus; 

DMH = dorsomedial hypothalamic nucleus; 

DR " dorsal raphe; 

GiA « gigantocellular reticular nucleus, alpha; 

HDB - nucleus horizontal limb diagonal band; 

InG « intermediate gray layer superior 

colliculus; 

LC ^ locus coeruleus; 

LH = lateral hypothalamic area; 

MePV = medial amygdaloid nucleus, 

posteroventral ; 

MVe » medial vestibular nucleus; 

HHb s medial habenular nucleus; 

KPN = medial preoptic nucleus; 

PAG ^ periaqueductal gray; 

PaS - parasubiculum; 

PC = paracentral thalamic nucleus; 

PCRtA = parvocellular reticular nucleus, alpha; 

Pe « periventricular hypothalamic nucleus; 

PrS * presubiculum; 

PN = pontine nuclei; 

PVH = paraventricular hypothalamic nucleus; 

PVHmp = paraventricular hypothalamic nucleus > 

medial parvicellular part 

PVT = paraventricular thalamic nucleus; 

Re = reunions thalamic nucleus; 

RLi = rostral linear nucleus raphe; 

RSG = retrosplenial cortex; 

SCN = suprachiasmatic nucleus; 

SNc = substantia nigra, pars compacta; and 

SON = supraoptic nucleus. 
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Fiqqr^ A4 Partial Nucleotide sequence of the canine Y5 
cDNA clone beginning iininediately upstream of TM III to 
the stop codon (underlined), (Seq. I.D. No 5). Only 
partial 3' untranslated sequence is shown. 

5 

riqur? 1? Corresponding amino acid sequence of the canine 
Y5 cDNA clone (Seq. I.D. No. 6). 

fiqyre ^6 a. Northern blot analysis of various rat 
10 tissues. B. Northern blot analysis of various human 
brain areas: amygdala, caudate nucleus, corpus callosiun, 
hippocampus, whole brain, substantia nigra, subthalamic 
nucleus, and thalamus. c. Northern blot analysis of 
various additional human brain areas: cerebellum, 
15 cerebral cortex, medula, spinal cord, occipital lobe, 
frontal lobe, temporal lobe, and putamen. Hybridization 
was done under conditions of high stringency, as 
described in Experimental Details. 

20 Fiqyre 17 Southern blot analysis of human or rat genomic 
DNA encoding the Y5 receptor subtype. Hybridization was 
done under conditions of high stringency, as described in 
Experimental Details. 

25 Figure Time course for equilibrium binding of «Sj_ 
Leu'\pro'*-pyY to the rat Y5 receptor. Membranes were 
incubated with 0.08 nM radioligand at room temperature 
for the length of time indicated in binding buffer 
containing either 10 mM Na+ or 138 mM Na+. 

30 

Figure 19 Guanine Nucleotide Modulation of Y5 Peptide 
Binding. Human or rat Y5 receptors transiently expressed 
in COS-7 cell membranes, or human Y5 receptors stably 
expressed in LM(tk-) cell membranes, were incubated with 
35 0.08 nM '^I-PYY and increasing concentrations of Gpp(NH)p 
as indicated under standard binding assay conditions. 
Radioligand binding is reported as cpm, efficiency « 0.8. 
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For the human Y5 in Ul(tk-) (0.007 ng membrane 
protein/sample), the maximum A cpm = -2343. Given a 
specific activity of 2200 Ci/mmol, the change in 
radioligand binding is therefore calculated to be -0.6 
5 fmol/0.007 mg protein = -85 fmol/mg membrane protein. 

f jcTure 20 NPY-Dependent Inhibition of Forskolin 
Stimulated cAMP Accumulation by Cloned Y5 Receptors. 
Intact cells stably transfected with human or rat Y5 
10 receptors were incubated with forskolin plus a range of 
human NPY concentrations as indicated. A representative 
experiment is shown for each receptor system (n > 2) . 

Figure 21 Calcium Mobilization: rura-2 Assay. Cloned 
15 human Y-type receptors in the host cells indicated were 
screened for intracellular calcium mobilization in 
response to NPY and related peptides. Representative 
calcium transients are shown for each . receptor system. 



20 



Figure 22 Illustrates the structure of a compound which 
binds selectively to the h\man and rat Y5 receptors. 
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Throughout this application, the following standard 
abbreviations are used to indicate specific nucleotide 
5 bases : 

C=cytosine A=adenine 
T=thyniine G«guanine 



Furthermore, the term "agonist" is used throughout this 
application to indicate any peptide or non-peptidyl 
compound which increases the activity of any of the 
receptors of the subject invention. The term 
•antagonist" is used throughout this application to 
indicate any peptide or non-peptidyl compound which 
15 decreases the activity of any of the receptors of the 
subject invention. 
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30 



The activity of a G-protein coupled receptor such as a Y5 
receptor may be measured using any of a variety of 
appropriate functional assays in which activation of the 
receptor in question results in an observable change in 
the level of some second messenger system, including but 
not limited to adenylate cyclase, calcium mobilization, 
inositol phospholipid hydrolysis or guanylyl cyclase. 



This invention provides a method of modifying feeding 
behavior of a subject which comprises administering to 
the subject an amount of a compound which is a Y5 
receptor agonist or antagonist effective to increase or 
decrease consumption of food by the subject so as to 
thereby modify feeding behavior of the subject. In one 
embodiment, the compound is a YS receptor antagonist and 
the amount is effective to decrease the consumption of 
food by the subject. In another embodiment, the compound 
35 is administered in combination with food. In a further 
embodiment, the comppound is a Y5 receptor agonist and 
the amount is effective to increase the consumption of 
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food by the subject. In another embodiment, the compound 
is administered with food. The subject may be a 
vertebrate, a mammal, a human or a canine subject, 

This invention provides a method of treating a feeding 
disorder in a subject which comprises administering to 
the subject an amount of a non-peptidyl compound which is 
a Y5 receptor antagonist effective to inhibit the 
activity of the subject's YB recetpor, wherein the 
binding of the compound to the human receptor is 
characterized by a K, less than 100 nanomolar when 
measured inthe presence of "^I-PYY. In one embodiment, 
the compound has a less than 5 nanomolar. In another 
embodiment, the compound has a K, less than 1 nanomolar. 
In a further embodiment, the binding of the compound to 
any other human Y-type receptor is characterized by a 
greater than 10 nanomolar when measured in the presence 
of "*I-PYY. In a further embodiment, the binding of the 
compound to each of the human Yl, human Y2, , and human Y4 
receptors is characterized by a greater than 10 
nanomolar when measured in the presence of "»I-PYY. In 
another embodiment, the binding of the compound to any 
other human Y-type receptor is characterized by a 
greater than 50 nanomolar. In another embodiment, the 
binding of the compound to any other human Y-type 
recepotr is characterized by a K, reater than 100 
nanomolar. In one embodiment, the compound binds to the 
human Y5 receptor with an affinity greater than ten-fold 
higher than the affinity with which the compound binds to 
any other human Y-type receptor. In another embodiment, 
the compound binds to the human Y5 receptor with an 
affinity greater than ten-fold higher than the affinity 
with which the compound binds to each of the human Yl, 
human Y2, and human Y4 receptors. 

in a further embodiment, the feeding disorder is bulimia. 
The subject may be a vertebrate, a mammal, a human or a 
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canine subject. 

This invention provides a method of treating a feeding 
disorder in a subject which comprises administering to 
5 the subject an amount of a peptidyl compound which is a 
YS receptor antagonist effective to inhibit the activity 
of the subject's YS receptor, wherein the compound's 
binding to the human YS receptor is characterized by a Ki 
less than 10 nanomolar when measured in the presence of 
10 "*I-PYY. In one embodiment, the compound's binding is 
characterized by a less than 1 nanomolar. In another 
embodiment, the compound's binding to any other human Y- 
type receptor is characterized by a greater than 10 
nanomolar when measured in the presence of "*I-PYY. In 
a further embodiment, the compound's binding to each of 
the human Yl, human Y2, and human Y4 receptors is 
characterized by a greater than 10 nanomolar when 
measured in the presence of "^I-PYY. m another 
embodiment, the compound's binding to any other human Y- 
type receptor is characterized by a greater than 50 
nanomolar when mesured in the presence of "*I-PYY. In 
another embodiment, the compound's binding to any other 
human Y-type receptor is characterized by a Kj greater 
than 100 nanomolar when measured in the presence of "»l- 
25 PYY. In another embodiment, the compound binds to the 
human Y5 receptor with an affinity greater than ten- fold 
higher than the affinity with which the comppound binds 
to any other human Y-type receptor. In one embodiment, 
the compound binds to the human Y5 receptor with an 
30 affinity greater than ten-fold higher than the affinity 
with which the compound binds to each of the human Yl, 
human Y2, and human Y4 receptors. 

In one embodiment of the above-described methods, the 
35 feeding disorder is obesity. In another embodiment, the 
feeding disorder is bulimia. The subject may be a 
vertebrate, a mammal, a human, or a canine subject. 
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This invention provides a method of treating a feeding 
disorder in a subject which comprises administering to 
the subject an amount of a non-peptidyl compound which is 
a ¥5 receptor agonist effective to increase the activity 
5 of the subject's YS receptor, wherein (a) the binding of 
the compound to the human Y5 receptor is characterized by 
a Ki less than 100 nanotnolar when measured in the presence 
of '"^l-PYY; and (b) the binding of the compound to any 
other human Y-type receptor is characterized by a 
10 greater than 1000 nanomolar when measured in the presence 
of "»I-PYY. 

in one embodiment, the binding of the compound to the 
human Y5 receptor is characterized by a less than 10 
15 nanomolar . 

This invention provides a method of treating a feeding 
disorder in a subject which comprises administering to 
the subject an amount of a non-peptidyl compound which is 

20 a Y5 receptor agonist effective to increase the activity 
of the subject's Y5 receptor, wherein (a) the binding of 
the compound to the human Y5 receptor is characterized by 
a Ki less than 1 nanomolar when measured in the presence 
of '»*I-PYY; and (b) the compound's binding to any other 

25 human Y-type receptor is characterized by a K, greater 
than 100 nanomolar when measured in the presence of I- 
PYY. 

in one emodiment. the compound binds to the human Y5 
30 receptor with an affinity greater than ten-fold higher 
than the affinity with which the compound binds to any 
other human Y-type receptor. In another embodiment, the 
compound binds to the human Y5 receptor with an affinity 
greater than ten-fold higher than the affinity with which 
35 the compound binds to each of the human Yl, human Y2 and 
human Y4 receptors. 
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in one en^odiment. the feeding disorder is anorexia. The 
subject may be a vertebrate, a mammal, a human, or a 
canine subject. 

This invention provides a method of treating a feeding 
dxsorder in a subject which comprises administering to 
the subject an amount of a peptidyl compound which is a 
Y5 receptor agonist effective to increase the activity of 
the subject's Y5 receptor, wherein (a) the binding of the 
compound to the human Y5 receptor is characterized by a 
K. less than i nanomolar when measured in the presence of 
I-PYY; and (b) the binding of the compound to any other 
human Y-type receptor is characterized by a K, greater 
than 25 nanomolar when measured in the presence of "»t. 
pyy. 

This invention provides a method of treating a feeding 
dxsorder in a subject which comprises administering to 
the subject an amount of a peptidyl compound which is a 
Y5 receptor agonist effective to increase the activity of 
the subject's YS receptor, wherein (a) the binding of the 
compound to the human Y5 receptor is characterized by a 
less than 0.1 nanomolar when measured in the presence 
of "^l-PYY; and (b) the binding of the compound to any 
other human Y-type receptor is characterized by a K- 
greater than 1 nanomolar when measured in the presence of 
"*I-PYY. 

in one embodiment, the binding of the agonist to any 
other human Y-type receptor is characterized by a K, 
greater than 10 nanomolar. 

This invention provides a method of treating a feeding 
disorder in a subject which comprises administering to 
the subject an amount of a peptidyl compound which is a 
Y5 receptor agonist effective to increase the activity of 
the subject's Y5 receptor, wherein (a) the binding of the 
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compound to the hu^an YS receptor ie 

K.TeBB than 0.01 nanomolar «hen «.Bured xn the prese^e 
It -I-m; and (b) the binding of the co-^d to any 

: her hu^n V-tvpe receptor is =--"^^"tes1n« of 
5 greater than 1 nanomolar when measured in the presence 

"*i-PYy- 

V. ^^^•rM. the coTi«)ound binds to the human Y5 
In one embodiment , tne comp« v^aher 
^cLor with an affinity greater than ten-fold higher 
! the affinity with which the compound binds to any 

" rert^n'-iv^ " -:t:7uiZ 

compound bind, to the human "J-^^'^'^^X^i/h 

r:::^rd"rrer:ft::rs:^«.and 

15 human Y4 receptors. 

in one embodiment/the feeding disorder is anorexia. ^The 
subject may be a vertebrate, a mam^l. - " 
canine subject. 
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f^r- ^he use of the compounds 

composition, medicament, or drug lo 
behavior of a subject. 

f^-r the use of the compounds 
This invention provides for ^^^^^^ pharmaceutical 
described herein for the preparation of a pha 

composition. '^^ ^^^^^^ useful, in 

in which antagonism of the Y5 recep Y ^^^^ 

particular, for treating a feeding 
obesity or bulimia. 

for the use of the compounds 
^is invention provides ^or^^^ ^ pharmaceutical 

described herein for the prep ,„3ti„g a disorder 

con^sltlon, -^--^VZlXr ^^y^-'^'^^' ^ 
::„tutarfr -e^ng a feeding disorder such as 
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anorexia . 

This invention provides -, 

S vertebrate or a ma«,.Ua„ ys receptor t " " 

the isolated nucleic acid T T ^"*>°'5i"»nt. 

Characterized by „ ' "'^^"^ '="'-3 

tranamembrane region whioh • ^^'J-'^nce 1„ the 

homology or higher U th^ T° ~™ ■'^^ 

10 trans.e^ra„e region If the T"" " 

xn alothre^fr. "LlTrT 

~r\rjr; - ~ rsTern::: 

» « in another embodiment th*. v.: 
substantially the same amino acid """"'"^ 
15 in Figure 6. sequence as described 

This invention provides 

-leic acid. vbTrell tH. tci:J:Tc'r"''*' 
en*odi,^nt, the I3 dm i„ " " ^" " 

20 tm. is genomic DM* """^ e,.^iment. the 

nucleic acid is K« "^i"«°t, the 

-Oleic acid encodes a hnL,"«"'' ~*°^-nt. the 
en^odi^ent. the hu^an ys t^p^or h i'"' 
sequence as described in Fl^IT ' ^^'-^ 

This invention further provides dna which • . 
With any of the ^ shown in Figures 3 s 
DNA encode ys receptors having ZTJ/ 
shown m Figures 4 6 ° ^""^ ^^l-onces 

a «- 6, and is, respectively. 

This invention also encompasses DNAs and n». 

encode amino aciri "° "^"""^ "hich 

receptor. Lt whil Z °^ 
Changes. Alternatively tlis "" ^"'"-^^^ 
r.«Aa and cBNAs which hybridize tTThVL''"" 

subject invention. HyLidirtil: ttrs^rVri tr 
to those of skill in the art. 
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The DNA molecules of the subject invention also include 
DNA coding for polypeptide analogs, fragments or 
derivatives of antigenic polypeptides which differ from 
naturally-occurring forms in terms of the identity or 

5 location of one or more amino acid residues (deletion 
analogs containing less than all of the residues 
specified for the protein, substitution analogs wherein 
one or more residues specified are replaced by other 
residues and addition analogs where in one or more amino 

10 acid residues is added to a terminal or medial portion of 
the polypeptides) and which share some or all properties 
of naturally-occurring forms. These nucleic acids 
include: the incorporation of codons "preferred" for 
expression by selected non-mammalian hosts; the provision 

15 of sites for cleavage by restriction endonuclease 
enzymes; and the provision of additional initial, 
terminal or intermediate DNA sequences that facilitate 
construction of readily expressed vectors. 

The nucleic acids described and claimed herein are useful 
for the information which they provide concerning the 
amino acid sequence of the polypeptide and as products 
for the large scale synthesis of the polypeptide by a 
variety of recombinant techniques. The nucleic acid is 
25 useful for generating new cloning and expression vectors, 
transformed and transfected prokaryotic and eukaryotic 
host cells, and new and useful methods for cultured 
growth of such host cells capable of expression of the 
polypeptide and related products. 

In a separate embodiment, the nucleic acid encodes a rat 
Y5 receptor. In another embodiment, the rat Y5 receptor 
has the amino acid sequence shown in Figure 4. In 
another embodiment, the nucleic acid encodes a canine Y5 
receptor. In a further embodiment, the canine Y5 
receptor has the amino acid sequence as shown in Figure 
15. 



20 



30 



35 



W09&16542 



PCTAJS9S/IS646 



-32- 



15 



20 



25 



This invention also provides an isolated YS receptor 

a •■^''i— the YS protein ™y be 

a human, a rat, or a canine protein. 

This invention provider « xr^r.*^^ . . 

d*.«oVK ^ , P'^ovides a vector comprising the above- 

aescribed nucleic acid. 



vectors Which con^rise the isolated nucleic acid 
described hereinabove also are provided. suitable 
10 vectors conprise, but are not limited to. a plasmid or a 



v.rus. These vectors may be transformed into a suitable 
host cell to form a host cell vector system for the 
production of a polypeptide having the biological 
activity of a Y5 receptor. 

This invention provides the above -described vector 
adapted for expression in a bacterial cell which further 
comprises the regulatory elements necessary for 
expression of the nucleic acid in the bacterial cell 
operatively linked to the nucleic acid encoding the Y5 
receptor as to permit expression thereof. 

This invention provides the above-described vector 
adapted for expression in a yeast cell which comprises 
the regulatory elements necessary for expression of the 
nucleic acid in the yeast cell operatively linked to the 
nucleic acid encoding the Y5 receptor as to permit 
expression thereof. 

30 This invention provides the above -described vector 
adapted for expression in an insect cell which comprises 
the regulatory elements necessary for expression of the 
nucleic acid in the insect cell operatively linked to the 
nucleic acid encoding the Y5 receptor as to permit 

35 expression thereof. 

In an embodiment, the vector is adapted for expression in 
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a »a«aUan cell which ccoprtses Che "^^^^^J^/J"^^'/, 
necessary tor expression of the IW* in the ».».aUan cell 
o^rati^ly UnKed to the t»« encoding the ma^nal.an YS 
receptor as to pen.it expression thereol. 

' I„ a further embodiment, the vector is adapted for 
^ression in a ma^^lian cell ^^^^^^^^^^ Z 

.0 TncX^h. human VS receptor as to permit expression 



thereof 



in a still further embodiment, the plasmid is adapted for 
:;:;ssion in a mammauan ^^^^^^^^Z Z 

thereof . 

■ J - above -de scribed plasmid 

,0 This in^'^" ,f .'^I.alian cell which 

adapted ^'-J^^^^^o^^ elements necessary for 
Zr.:i:n of^™. "^a maJluan cell operatively linKed 
:r t encoding the ma,mnalian « receptor as to 

25 permit expression thereof. 

...s invention provides a P^™" jr^for i^: 

30 tte^ as L permit — 

designated pcECV-hY5 (ATCC Accession Mo. 75943) 

, ,„=tatV-hY5) was deposited on November 4, 

This plasmid (pcEXV-hYSI J collection (ATCC), 

With the "-.-^^^-^^X ~;"^X<i — 
,s 12301 ParKlawn Drrve ^^^^^^^^^^^^^ .or the 

under the provisions of the B P 
international Recognition of 



W09<S/1«S42 



PCT/DS9M564< 



-34- 



10 



15 



25 



Microorganisms for the Purposes of Patent Procedure and 
was accorded ATCC Accession No. 75943. 

This invention provides a plasmid which comprises the 
regulatory elements necessary for expression of DNA in a 
mammalian cell operatively linked to the DNA encoding the 
rat Y5 receptor as to permit expression thereof 
designated pcEXV-rY5 (ATCC Accession No. 75944) 



This plasmid (pcEXV-rYS) was deposited on November 4 
1994 with the American Type Culture Collection (ATCC) 
12301 Parklawn Drive, Rockville, Maryland 20852. USA 
under the provisions of the Budapest Treaty for the 
International Recognition of the Deposit of 
Microorganisms for the Purposes of Patent Procedure and 
was accorded ATCC Accession No. CRL 75944. This 
invention provides a plasmid designated Y5-bd-5 (ATCC 

Accession No. » . 

) . This invention also 

provides a plasmid designated YS-bd-S (ATCC Accession No. 

_ — ) . These plasmids were deposited on 

December 1. 1995 withthe American Type Culture Collection 
(ATCC) 12301 Parklawn Drive, Rockville, Maryland 20852, 
U.S.A. under the provisions of the Budapest Treaty for 
the international Recognition of the Deposit of 
Microorganisms for the Purposes of Patent Procedure and 

was accorded ATCC Accession Nos. and 

., respectively 

This invention provides a baculovirus designated hY5-BB3 

30 (ATCC Accession No. , This baculovirus was 

deposited on Novmeber 15, 1995 with the American Type 
Culture Collection (ATCC). 12301 Parklawn Drive 
Rockville, Maryland 20852. U.S.A, under the provisions of 
the Budapest Treaty for the International Recognition of 
35 the Deposit of Microorganisms for the Purposes of Patent 
Procedure and was accorded ATCC Accession No. 
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This invention provides a mammalian cell comprising the 
above-described plasmid or vector. In an embodiment, the 
mammalian cell is a COS-7 cell. 

5 In another embodiment, the mammalian cell is a 293 human 
embryonic kidney cell designated 293-rY5-14 (ATCC 
Accession No. CRL 11757) . 

This cell (293-.rY5-14) was deposited on November 4, 1994 
10 with the American Type Culture Collection (ATCC) , 12301 
Par]clawn Drive. Roc)cville, Maryland 20852, U.S.A. under 
the provisions of the Budapest Treaty for the 
International Recognition of the Deposit of 
Microorganisms for the Purposes of Patent Procedure and 
15 was accorded ATCC Accession No. CRL 11757. 

In a further embodiment, the mammalian cell is a mouse 
fibroblast (tk-) cell, containing the plasmid pcEacV-hY5 
and designated L-hY5-7 (ATCC Accesssion No. CRL-11995) . 

20 In another embodiment, the mammalian cell is a mouse 
embryonic NIH-3t3 cell containing the plasmid pcE3CV-hY5 
and designated N-hY5-8 (ATCC Accession No. CRL-11994) . 
These cells were deposited on November 15, 1995 with the 
American Type Culture Collection (ATCC) 12301 Parklawn 

25 Drive, Rocville, Maryland 20852, U.S.A. under the 
provisions of the Budapest Treaty for the International 
Recognition of the Deposit of Microorganisms for the 
Purposes of Patent Procedure, and were accorded ATCC 
Accession Nos. CRL-11995 and CRL-11994, respectively. 



30 



This invention provides a nucleic acid probe comprising 
a nucleic acid of at least 15 nucleotides capable of 
specifically hybridizing with a unique sequence included 
within the sequence of a nucleic acid encoding a Y5 
35 receptor. In an embodiment, the nucleic acid is DNA. 



This nucleic acid produced can either be DNA or RNA. 



As 
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used herein, the phrase -specifically hybridizing- means 
the ability of a nucleic acid to recognize a nucleic acid 
sequence complementary to its own and to form double- 
helical segments through hydrogen bonding between 
5 complementary base pairs. 

This nucleic acid of at least is nucleotides capable of 
specifically hybridizing with a sequence of a nucleic 
acid encoding the human Y5 receptors can be used as a 
10 probe. Nucleic acid probe technology is well known to 
those skilled in the art who will readily appreciate that 
such probes may vary greatly in length and may be labeled 
with a detectable label, such as a radioisotope or 
fluorescent dye, to facilitate detection of the probe. 
DNA probes may be produced by insertion of a DNA which 
encodes the Y5 receptor into suitable vectors, such as 
plasmids or bacteriophages, followed by transforming into 
suitable bacterial host cells, replication in the 
transformed bacterial host cells and harvesting of the 
20 DNA probes, using methods well known in the art 
Alternatively, probes may be generated chemically from 
DNA synthesizers. 



15 



25 



RNA probes may be generated by inserting the DNA which 
encodes the Y5 receptor downstream of a bacteriophage 
promoter such as T3. T7 or SP6. Large amounts of RNA 
probe may be produced by incubating the labeled 
nucleotides with the linearized fragment where it 
contains an upstream promoter in the presence of the 
30 appropriate RNA polymerase. 

This invention also provides a nucleic acid of at least 
15 nucleotides capable of specifically hybridizing with 
a sequence of a nucleic acid which is complementary to 
35 the mammalian nucleic acid encoding a Y5 receptor. This 
nucleic acid may either be DNA or RNA. 
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This invention provides an antisense oligonucleotide 
having a sequence capable of specifically hybridizing to 
mRNA encoding a Y5 receptor so as to prevent translation 
of the mRNA. 

5 

This invention provides an antisense oligonucleotide 
having a sequence capable of specifically hybridizing to 
the genomic DNA of a Y5 receptor. 

10 This invention provides an antisense oligonucleotide of 
Y5 receptor comprising chemical analogues of nucleotides . 

This invention provides an antibody directed to a Y5 
receptor. This invention also provides an antibody 
15 directed to a human Y5 receptor. 

This invention provides a monoclonal antibody directed to 
an epitope of a human Y5 receptor present on the surface 
of a Y5 receptor e:q?ressing cell. 

20 _ 

This invention provides a pharmaceutical composition 

comprising an amount of the oligonucleotide effective to 

reduce activity of a human Y5 receptor by passing through 

a cell membrane and binding specifically with mRNA 

25 encoding a human Y5 receptor in the cell so as to prevent 
its translation and a pharmaceutically acceptable carrier 
capable of passing through a cell membrane. In an 
embodiment, the oligonucleotide is coupled to a substance 
which inactivates mRNA. In another embodiment, the 

30 substance which inactivates mRNA is a ribozyme. 

This invention provides the above -described 
pharmaceutical composition, wherein the pharmaceutically 
acceptable carrier capable of passing through a cell 
35 membrane comprises a structure which binds to a receptor 
specific for a selected cell type and is thereby taken up 
by cells of the selected cell type. 
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This invention provides a pharmaceutical composition 
comprising an amount of an antagonist effective to reduce 
the activity of a human YS receptor and a 
pharmaceutically acceptable carrier. 

This invention provides a pharmaceutical composition 
comprising an amount of an agonist effective to increase 
activity of a Y5 receptor and a pharmaceutically 
acceptable carrier. 



This invention provides the above -described 
pharmaceutical composition which comprises an amount of 
the antibody effective to block binding of a ligand to 
the Y5 receptor and a pharmaceutically acceptable 
15 carrier. 



20 



25 



As used herein, "pharmaceutically acceptable carriers" 
means any of the standard pharmaceutically acceptable 
carriers. Examples include, but are not limited to, 
phosphate buffered saline, physiological saline, water 
and emulsions, such as oil/water emulsions. 

This invention provides a transgenic nonhuman mammal 
expressing DMA encoding a human Y5 receptor. 

This invention provides a transgenic nonhuman mammal 
comprising a homologous recombination knockout of the 
native Y5 receptor. 



This invention provides a transgenic nonhuman mammal 
whose genome comprises antisense DNA complementary to DNA 
encoding a human Y5 receptor so placed as to be 
transcribed into antisense mRNA which is complementary to 
mRNA encoding a Y5 receptor and which hybridizes to mRNA 
encoding a Y5 receptor thereby reducing its translation. 

This invention provides the above -described transgenic 
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.n.™ai wherein the DNA encoding a human YB 
nonhuman mammal, wherein . . -wn^ «,-omoter 

receptor additionally comprises an xnducxble promoter. 

This invention provides the transgenic J^^f^; 
S Wherein the DNA encoding a human Y5 -^^^^/^^^^^^^^'^ 
comprises tissue specific regulatory elements. 

in an embodiment, the transgenic nonhuman mammal is a 



10 



15 



20 



25 



30 



35 



mouse . 



. -n^l model systems which elucidate the physiological 
Animal model sys receotor are produced by 

and behavioral .^tivity of the 

creating transgenic animals in wni ^he 
Y5 receptor is either increased or decreased, or 
Y5 recepu «Mjressed Y5 receptor is 

amino acid sequence of these 
A ^ a. variety of techniques. Exampies oi 

«. «ot limited to= 1) insertion 
techniques „i dHA encoding a Y5 

of nor^a °^'™'"'r•^'':■,«„po„ticn. retroviral 
receptor, by «U Jvm to those sKilled 

""f "ril .^rop::rte7ertili.ed embryos in order 
Tc'e a t^n^enic animal or 2, Homologous 
to produce » J or «.in-l 

recombinat- o« ™.t»t ^^^^ ^^^^^ ^„ 

versions of these ge i.tlon of .:5.reasion 

rtr-^^^rtts. — --j:: 

the art. It replaces t animal that cannot 

,.„e and ^^^^ l^^TZ ZS express, .or 

e^cpres. J'^^ant « receptor, which has 

exai^le. an ^ i„ the animal ■= genome by 

replaced th. nati«J5 reoep 

recosbination. "'^^^^^^^^^^^ ,,„es to the genome, 

transporter. ^ ^.ful for producing 

''^rili"":;^::- .nd added « receptors, 

::rit:ng m overexpressio, of the VS receptors. 
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One means available f^v 

With a ^„ee a, » U^/r/ou""^"*' 
are «ted, and the l """l* 

«s.e«ed out o. th\t x""""" 
S ~. appropriate «diu» «.ch « ^^.^'^^ ^" - 
encoding a vs receptor is purified" I, T 
"«thods well taora in the art '"'""'^ 
- ^used With the oodin, r.^.. ^ ^H^": 

experimental means to reau^;,^« to provide an 

10 gene. Alternative!; or L 

regulatory elements Ly be Ua w'tT't^'^T ^"^^'"^ 
to permit tissue -specific e^rL 

The DMA in »n ^^""^^^^ expression of the trans-gene. 

intoT™i?.rn,:::::rrdr, ^= - 

« capillar, tuhin, „i„, t'Te "™ 

injected le put in a depresaion elide Zil" 

inserted into the pronucleue of the e,, . J" " 

solution ie injected. The inircte! ■ ™* 

s CO the uterus, implants, and develops to ^*.r^ 

::rr:::;r -intr ^dt -rp^ 

» tor exeo^lary purposes. " ""^y 

This invention also provides —^k-j « 
"het.er a li,and can ^pec^HaiVir t "! Ts'lTT 
Which comprises contacting a ceU transfected JitT n" 
) expressing DHA encoding the y5 receptor with thl li . 
under conditions permitting binding o£ ligls to s . 

=:aiir::r tz-- -^^^^ 

the lirand-p::;^, — - 

This invention provides a n«thod for determining whether 
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a ligand can specifically bind to a human Y5 receptor 
which comprises contacting a cell transfected with and 
expressing DNA encoding the human Y5 receptor with the 
ligand under conditions permitting binding of ligands to 
5 such receptor, detecting the presence of any such ligand 
specifically bound to the human Y5 receptor, and thereby 
determining whether the ligand specifically binds to the 
human Y5 receptor. 

10 This invention provides a method for determining whether 
a ligand can specifically bind to a Y5 receptor which 
comprises contacting a cell transfected with and 
expressing DNA encoding the Y5 receptor with the ligand 
under conditions permitting binding of ligands to such 

15 receptor, detecting the presence of any such ligand 
specifically bound to the Y5 receptor, and thereby 
determining whether the ligand specifically binds to the 
human Y5 receptor, such Y5 receptor having substantially 
the same amino acid sequence shown in Figure 6. 

20 

This invention provides a method for determining whether 
a ligand can specifically bind to a Y5 receptor which 
comprises contacting a cell transfected with and 
expressing DNA encoding the Y5 receptor with the ligand 

25 under conditions permitting binding of ligands to such 
receptor, detecting the presence of any such ligand 
specifically bound to the Y5 receptor, and thereby 
determining whether the ligand specifically binds to the 
Y5 receptor, such Y5 receptor being characterized by an 

30 amino acid sequence in the transmembrane region having 
60% homology or higher to the amino acid sequence in the 
transmembrane region of the Y5 receptor shown in Figure 



35 



6. 



This invention provides a method for determining whether 
a ligand can specifically bind to a Y5 receptor which 
comprises preparing a cell extract from cells transfected 
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20 



25 



35 



wxth and expressing DNA encoding the ys receptor 
isolating a membrane fraction from the cell extract' 
contacting the membrane fraction with the ligand under 
conditions permitting binding of ligands to such 
receptor, detecting the presence of the ligand 
specifically bound to the YS receptor, and thereby 
determining whether the ligand specifically binds to the 
Y5 receptor. 

in separate embodiments of the above-described methods, 
the Y5 receptor may be a human Y5 receptor, a rat Y5 
receptor, or a canine Y5 receptor. 

This invention provides a method for determining whether 
a ligand can specifically bind to a YS receptor which 
comprises preparing a cell extract from cells transfected 
with and expressing DNA encoding the Y5 receptor, 
isolating a membrane fraction from the cell extract,' 
contacting the membrane fraction with the ligand under 
conditions permitting binding of ligands to the human Y5 
receptor, detecting the presence of the ligand 
specifically bound to the Y5 receptor, and thereby 
determining whether the ligand can specifically bind to 
the Y5 receptor. 



This invention provides a method for determining whether 
a ligand can specifically bind to a Y5 receptor which 
comprises preparing a cell extract from cells transfected 
with and expressing DNA encoding the YS receptor, 
30 isolating a membrane fraction from the cell extract,' 
contacting the membrane fraction with the ligand under 
conditions permitting binding of ligands to the Y5 
receptor, detecting the presence of the ligand 
specifically bound to the YS receptor, and thereby 
determining whether the ligand can specifically bind to 
the YS receptor, such Y5 receptor having substantially 
the same amino acid sequence shown in Figure 6. 
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• .«Mon provides a method for determining whether 
This invention proviaes receptor which 

contacting the membrane fractio 

condition, permitting binding ot "g^ ^ 

..ceptor. --;«"'%/^;^ 'vTTeceptor, «.d thereby 
specifically ^-d t^ he V ^ ^^^^^^^^^ 

,0 ';,'ceptor being characterized by 

Y5 ""P";- ^„ „ana,ne,.brane region having 

„ a»ino acid se^ence in ^^^^ ^ 

::L:rrr;e:r c. the v. receptor .ho^n in Pigure 



15 6, 



separate e^di^" T^Z^ZZ^ ^^^^''^ 

- « ;:.':^-j:^..^%ro:: e^i.e„t 

. r :::::-::.:ri::a ^thods. the Ug.nd i. not previously 
known. 

. t-ion further provides a ligand identified by 
This invention turtner y 
any one of the above-described methods. 

5 e. «oi-Hod for determining whether 

This invention provides a -^-^"^^J^^ ^^.^^ comprises 

J 4«= a Y5 receptor agonist wnx^" f 
a Xigand xs a « J ^^^^ .pressing nucleic 
contacting a cell tr«>ste ^^^^ 

acid '-""^"^Jj^^rivation of a functional VS 

" ""''"rrea^ire ^-tin. • ^" I 

::::ror ""'vlty. .nd thereby determining whether the 
ligand i« a V5 receptor agonist. 

orovides a method for determining whether 
35 This invention ,g„„i3, „hioh comprises 

" "cell transfected with and e^cpressing nucleic 

contacting a cexx 
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acid encoding a human Ys receptor with th. ^ . 

conditions permitting activation of the' 
detecting an increase in ys .j' receptor, 

there., determining whether he u^an: irTh" 
5 receptor agonist. ^ " ^ ^"""^^ ^5 

membrane fraction with the , 7 

no-r^^i-..- ligand under conditions 

This invention provides a method • • 

a liaand 1« a vi= determining whether 

''^ -^-"Ptor agonist, such aa m or Npy under 
cona.t.o„s permitting the activation of . , 
receptor response, detecting . decrease in « 
activity and there., determining ZZr^lZ'^lZZTs 
a Y5 receptor antagonist. 

This invention provide, a method for determining whether 
a Ugand a. , ys receptor antagonist which compr sel 
contacting a cell transfected with and expressing DNA 
encoding a receptor with the ligand in the presence If 
a known V5 receptor agonist, such as «v or »Pv 
conditions permitting the activation of the YS re«Zr 

ZllZuT """" = « «-pto 
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TMB invention provides a a«thod -l*"!"^'/,^,^ 
Tligana i= a Y5 receptor entagoni.t """'"^mprxBes 
„ , cell extract from cells transfected with and 
n/ Coding the « receptor, iaolating a 
^b!»e fraction fro- the cell extract, contacting the 
5 me,nbrane ^ i„ the presence of a 

TIZ e«:r r^olt such as ^. under conditions 

activation of the YS receptor, and 
permitting the activat .«ivity, so as to 

detecting a decrease in Y5 receptor receptor 
XO thereby determine whether the Ugand is a Y5 recep 
antagonist. 

I, separate e^i^ents of the above-described ^thods 
ihe Y5 receptor is a human Y5 receptor, a rat 
15 receptor, or a canine Y5 receptor. 

. embodiment of the ^'---^ ^eriim:^^^^ 

,s --"--tn iTa' cos. c^ira^ human ea^ryonic 
non-neuronal cell is a uuo 
20 kidney cell. NIH-3T3 cell or IHttkO cell. 

V. ^^n,-.T,t Of the above-described methods, the 
In one embodiment or tne 

ligand is not previously known. 

the above-descriDe above -described 

receptor antagonist detectea oy 

method. 

a method of screening a plurality 
30 This invention P^-ides a method ^ ^^^^^^^^ 

of chemical compounds not taiown „ 
.o identify a coj^^a Which ^ a cell 

receptor, which "=7"^/ '^^ the Y5 

""^"ntthTcoZound'Lo: L bind specifically to 
,5 receptor with a co^ preparation of step 

ILrtrp-aUt; of compound, not ^own to bind 
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r.c.ptor. ,c) '-"■-'n to bl«j the ys 

5 th. presenc. of th. receptor is reduced 1„ 

eoBpou^is: .») 1, so ,d, Plurality of 

bindln, to the VS receptor oTZT'' 

the mnr»i<4. - ^epcor of each compound included in 

pecirically binds to the ys receptor. 

This invention provides ;* n.«*K^j , 

o. ce^ica. co.^oururorto^rrtr.'v's^'"'""'' 

to Identify a comoound uhi^k receptor 
» receptor, Lich cZriler .ar^r ''""^ " 

ceiXa -ansfect'ed Wit J a'„d~s ^ *^"" 

coi^oTr^ rr 7pe:rfiry- tt- - 

' <») contactin, preparation o^ ZlVlZ'" T'""" 
Of compounds not *now„ to tlnd epLcif^c^rto 
receptor, u^ler conditions peLttil Ln!- 

=t:-dr;rtr - 

va receptor ie rlZll IT^TZZITT, ^ 

r rraiitT r °' ~ - - 

compound included in the Blur, 1,-^ . receptor of each 

to Identify a compound which activates the v. " 
Which comprises ,a, contactin, a c^r tr„s ctT: 
and express.n, the V. receptor with th. plurality 1J 



PCT/US9S/1S646 

-47- 

^ not known to bind specifically to the Y5 
rilUcns per.i«in, .ctiv.tio„ o« ^. 
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receptor. 



..is invention provides a ^ Z™"! ^'re^P^or 

of chemcal compounds not known -^^^^^^^^ \' ^ ^^^^^^ 
to identify a compound which activates the Y5 receptor 
to xdentiry f ^ ^ extract from cells 

which comprises (a) preparing a ce 

recepr i^ran. traction «ith the 

extract, contacting „.-i»ic»llv to 

nluralitv ot co.«.ounds not taown to bind specilically t 

««ptor. under conditions per^ittin, activat on 
TZ VS rLptor, W determining whether the act vxty 
I ^Te « receptor 1. increased in the presence ot the 
it so (C) separately determining whether 
r'trivattfn ot " e v= receptor is increased b, each 

inciuded in the P-^-^rre-s^e « 
thereby identify the compound which activa 



receptor • 



... invention 

::r;r::c::rri7r; a co.po.nd -hich inhibits 

of a Y5 rec F receptor, which comprises (a) 

.he °%*7J„::r:i.h and expressing the « 

""T,r«ith th. plura it, ot compounds in the presence 
receptor with tne p ^„onist under conditions 

a *n=wn YS receptor ^^--'^ ..t.rminin, 

permitting "'J'':;; rrTceptor is reduced in 

rpresfntettr ;r:ut; ot compounds, reiati. to 
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the activation of th*. 

determlnl,^ the Inhibition of =o„ . «Parately 
reoepto. ,o. each co^una incL ' ^ "° " 

5 compounds, so as to thereby identifvW '''""^"1' °' 
inhibits the activation ot .L TZ^^J"^"' 

This invention provides a method o£ screening » , , 
of chemical compounds not known to I^m" 
10 of a Y5 receptor to identlfT. activation 
the activation of the vs t 
preparing a cell extrtct , 
e^^ressi en^^ ^ Vs't 

«e^rane fraction from Le eel exr^r" ^ 
as membrane fraction with the pl^aUtv of 

presence of a known Y5 rec.n^ compounds In the 

permitting actlvaurorr ^ IZTornT/r''^' 
whether the activation of the ' ''"«™i"in9 

the presence of the p^u^alitv If IT^'" '^"^'^ ^" 
20 the activation of th^ Ts ^ J V «l«ive to 

Piurality of com^ll^r^ ^"sr .cTT 
determining the inhibition ^ separately 

.« .... .ts:™.:^::' ns" " " 

;"r-— ".-n 

receptor, or a canine Y5 recentor- t ^ ^ ys 

30 cell is a n„n. T ^^ceptor. m an embodiment, the 

cexx IS a mammalian cell Tn = * ^y. 

cell is non-neuronal in o;i.ir / «'^°<^-ent, the 

the cell is a COS-7 cell a 2S3 h ^ -™^o^-nt. 
cell a IM(^^c ^ i, embryonic kidney 

ceil, a LM(tk-) cell, or an NIH-3T3 cell. 



35 



IdeLTT"" ^""''^^ ^ "'^^'^^ drugs to 

Identify drugs which specifically bind to a Y5 r7f\ 
on the surface of a cell whi.h receptor 

cell which comprises contacting a 
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15 



cell transfected with and expressing DNA encoding a Y5 
receptor with a plurality of drugs under conditions 
permitting binding of drugs to the Y5 receptor, 
determining those drugs which specifically bind to the 
transfected cell, and thereby identifying drugs which 
specifically bind to the Y5 receptor. 

This invention provides a method of screening drugs to 
identify drugs which specifically bind to a human Y5 
receptor on the surface of a cell which comprises 
contacting a cell transfected with and expressing DNA 
encoding a human Y5 receptor with a plurality of drugs 
under conditions permitting binding of drugs to the human 
Y5 receptor, determining those drugs which specifically 
bind to the transfected cell, and thereby identifying 
drugs which specifically bind to the human Y5 receptor. 

This invention provides a method of screening drugs to 
identify drugs which act as agonists of a Y5 receptor 
which comprises contacting a cell transfected with and 
expressing DNA encoding a Y5 receptor with a plurality of 
drugs under conditions permitting the activation of a 
functional Y5 receptor response, determining those drugs 
which activate such receptor in the cell, and thereby 
identify drugs which act as Y5 receptor agonists. 

This invention provides a method of screening drugs to 
identify drugs which act as agonists of a human Y5 
receptor which comprises contacting a cell transfected 
with and expressing DNA encoding a human Y5 receptor with 
a plurality of drugs under conditions permitting the 
activation of a functional human Y5 receptor response, 
determining those drugs which activate such receptor m 
the cell, and thereby identify drugs which act as human 
35 Y5 receptor agonists. 

This invention provides a method of screening drugs to 
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identify drugs which act as Y5 receptor antagonists which 
con.prises contacting cells transfected with and 
expressing DNA encoding a Y5 receptor with a plurality of 
drugs in the presence of a known Y5 receptor agonist 
such as PYY or NPY, under conditions permitting the 
activation of a functional Y5 receptor response, 
determining those drugs which inhibit the activation of 
the receptor in the mammalian cell, and thereby 
Identifying drugs which act as Y5 receptor antagonists. 

This invention provides a method of screening drugs to 
Identify drugs which act as human Y5 receptor antagonists 
which comprises contacting cells transfected with and 
expressing DNA encoding a human Y5 receptor with a 
plurality of drugs in the presence of a known human Y5 
receptor agonist, such as PYY or NPY, under conditions 
permitting the activation of a functional human Y5 
receptor response, determining those drugs which inhibit 
the activation of the receptor in the mammalian cell, and 
thereby identifying drugs which act as human Y5 receptor 
antagonists, in an embodiment, the cell is non-neuronal 
m origin, m a further embodiment, the cell is a Cos-7 
cell, a 293 human embryonic kidney cell, an LM{tk-) cell 
or an NIH-3T3 cell. 

This invention provides a pharmaceutical composition 
comprising a drug identified by the above-described 
method and a pharmaceutically acceptable carrier. 

This invention provides a method of detecting expression 
of Y5 receptor by detecting the presence of mRNA coding 
for the Y5 receptor which comprises obtaining total mRNA 
from the cell and contacting the mRNA so obtained with 
the above-described nucleic acid probe under hybridizing 
conditions, detecting the presence of mRNA hybridized to 
the probe, and thereby detecting the expression of the Y5 
receptor by the cell. 
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This invention provides a method of treating an 
abnormality in a subject, wherein the abnormality is 
alleviated by the inhibition of a Y5 receptor which 
comprises administering to a subject an effective amount 
5 of the above-described pharmaceutical composition 
effective to inhibit the Y5 receptor by the subject. 

This invention provides a method of treating an 
abnormality in a subject wherein the abnormality is 
10 alleviated by the activation of a Y5 receptor which 
comprises administering to a subject an effective amount 
of the above-described pharmaceutical composition 
effective to activate the YS receptor in the subject. 

15 This invention provides a method of treating an 
abnormality in a subject, wherein the abnormality is 
alleviated by the inhibition of a Y5 receptor which 
comprises administering to a subject an effective amount 
of Y5 receptor antagonist. 

20 . 

This invention provides a method of treatxng an 
abnormality in a subject wherein the abnormality is 
alleviated by the activation of a Y5 receptor which 
comprises administering to a subject an effective amount 

25 of a Y5 receptor agonist. In a further embodiment, the 
abnormal condition is anorexia. In a separate 
embodiment, the abnormal condition is 
sexual/reproductive disorder. In another embodiment, the 
abnormal condition is depression. In another embodiment. 

30 the abnormal condition is anxiety. 

in an embodiment, the abnormal condition is gastric 
ulcer In a further embodiment, the abnormal condition 
is memory loss. In a further embodiment, the abnormal 
35 condition is migraine. In a further embodiment, the 
abnormal condition is pain. In a further embodiment, the 
abnormal condition is epileptic seizure. In a further 
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embodiment, the abnormal condition is hypertension. In 
a further embodiment, the abnormal condition is cerebral 
hemorrhage. in a further embodiment, the abnormal 
condition is shock. m a further embodiment, the 
abnormal condition is congestive heart failure. in a 
further embodiment, the abnormal condition is sleep 
disturbance. m a further embodiment, the abnormal 
condition is nasal congestion, in a further embodiment, 
the abnormal condition is diarrhea. 

This invention provides a method of treating obesity in 
a subject which comprises administering to the subject an 
effective amount of a Y5 receptor antagonist. 

This invention provides a method of treating anorexia in 
a subject which comprises administering to the subject an 
effective amount of a Y5 receptor agonist. 

This invention provides a method of treating bulimia 
nervosa in a subject which comprises administering to the 
subject an effective amount of a YS receptor antagonist. 



This invention provides a method of inducing a subject to 
eat which comprises administering to the subject an 
25 effective amount of a Y5 receptor agonist. In one 
embodiment, the subject is a vertebrate. In another 
embodiment, the subject is a human. 

This invention provides a method of increasing the 
30 consumption of a food product by a subject which 
comprises a composition of the food product and an 
effective amount of a Y5 receptor agonist. m one 
embodiment, the subject is a vertebrate. In another 
embodiment, the siibject is a human. 



This invention provides a method of treating 
abnormalities which are alleviated by reduction of 
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activity of a human Y5 receptor which comprises 
administering to a subject an amount of the above - 
described pharmaceutical composition effective to reduce 
the activity of human YS receptor and thereby alleviate 
5 abnormalities resulting from overactivity of a human Y5 
receptor . 

This invention provides a method of treating an abnormal 
condition related to an excess of Y5 receptor activity 
10 which comprises administering to a subject an amount of 
the pharmaceutical composition effective to block binding 
of a ligand to the Y5 receptor and thereby alleviate the 
abnormal condition. 

15 This invention provides a method of detecting the 
presence of a human Y5 receptor on the surface of a cell 
which comprises contacting the cell , with the antibody 
capable of binding to the human Y5 receptor under 
conditions permitting binding of the antibody to the 

20 receptor, detecting the presence of the antibody bound to 
the cell, and thereby detecting the presence of a human 
Y5 receptor on the surface of the cell. 

This invention provides a method of determining the 
physiological effects of varying levels of activity of a 
human Y5 receptors which comprises producing a transgenic 
nonhuman mammal whose levels of human Y5 receptor 
activity are varied by use of an inducible promoter which 
regulates human Y5 receptor expression. 

This invention provides a method of determining the 
physiological effects of varying levels of activity of a 
human Y5 receptors which comprises producing a panel of 
transgenic nonhuman mammals each expressing a different 
35 amount of human Y5 receptor. 

This invention provides a method for identifying a 
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substance capable of alleviating the abnormalities 
resulting from overactivity of a human Y5 receptor 
comprising administering a substance to the above- 
described transgenic nonhuman mammals, and determining 
whether the substance alleviates the physical and 
behavioral abnormalities displayed by the transgenic 
nonhuman mammal as a result of overactivity of a human Y5 
receptor . 



This invention provides a method for treating the 
abnormalities resulting from overactivity of a human Y5 
receptor which comprises administering to a subject an 
amount of the above -described pharmaceutical composition 
effective to alleviate the abnormalities resulting from 
15 overactivity of a human Y5 receptor. 

This invention provides a method for identifying a 
substance capable of alleviating the abnormalities 
resulting from underactivity of a human Y5 receptor 

20 comprising administering the substance to the above- 
described transgenic nonhuman mammals and determining 
whether the substance alleviates the physical and 
behavioral abnormalities displayed by the transgenic 
nonhuman mammal as a result of underactivity of a human 

25 Y5 receptor. 

This invention provides a method for treating the 
abnormalities resulting from underactivity of a human Y5 
receptor which comprises administering to a subject an 
30 amount of the above-described pharmaceutical composition 
effective to alleviate the abnormalities resulting from 
iinderactivity of a human Y5 receptor. 



This invention provides a method for diagnosing a 
predisposition to a disorder associated with the activity 
of a specific human Y5 receptor allele which comprises: 
a. obtaining DNA of subjects suffering from the disorder; 
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performing a restriction digest of the DNA with a panel 
of restriction enzymes; c. electrophoretic-ally 
separating the resulting DNA fragments on a sizing gel; 
d. contacting the resulting gel with a nucleic acid probe 
5 capable of specifically hybridizing to DNA encoding a 
human Y5 receptor and labelled with a detectable marker; 
e- detecting labelled bands which have hybridized to the 
DNA encoding a htunan Y5 receptor labelled with a 
detectable marker to create a unique band pattern 

10 specific to the DNA of subjects suffering from the 
disorder; f. preparing DNA obtained for diagnosis by 
steps a-e; and g. comparing the unique bamd pattern 
specific to the DNA of subjects suffering from the 
disorder from step e and the DNA obtained for diagnosis 

15 from step f to determine whether the patterns are the 
same or different and to diagnose thereby predisposition 
to the disorder if the patterns are the same. In an 
embodiment, a disorder associated with the activity of a 
specific human Y5 receptor allele is diagnosed. 

20 

This invention provides a method of preparing an isolated 
Y5 receptor which comprises : a . inducing cells to eaqpress 
the Y5 receptor; b. recovering the receptor from the 
resulting cells; and c. purifying the receptor so 
25 recovered. 

This invention provides a method of preparing the 
isolated Y5 receptor which comprises: a. inserting 
nucleic acid encoding Y5 receptor in a suitable vector 

30 which comprises the regulatory elements necessary ofr 
expression of the nucleic acid operatively linked to the 
nucleic acid encoding a Y5 receptor; b. inserting the 
resulting vector in a suitable host cell so as to obtain 
a cell which produces the Y5 receptor; c. recovering the 

35 receptor produced by the resulting cell; and d. purifying 
the receptor so recovered. 
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This invention will be better understood from the 
Experimental Details which follow. However, one skilled 
in the art will readily appreciate that the specific 
methods and results discussed are merely illustrative of 
the invention as described more fully in the claims which 
follow thereafter. 
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MATBKIALS AMD METHODS 

rr^f^ planing 



Total RNA was prepared by a modification of the guanidine 
Tocvan- .ethod (Kingston, X^S.) fro. ^ ^ - 

hypothalamus (Rockland, Gilbertsvxlle, PA) . Poly A 

4fied with a FastTrack kit (Invitrogen Corp.. San 
purified witn a r synthesized 
T^^™ CAl Doiible stranded (ds) cdna wa» j „ 
Diego, CAJ • Gubler and Hoffman 

7 ua of poly A- RNA according to GxiDier a 
from 7 /ig oj- t"-' / t-hat liaase was 

(Gubler and Hoffman. 1983). except that liga 

^ the second strand cDNA synthesis. The 

omitted in the secona «ai.»T/EcoRI adaptors 

resulting DS cDNA was ligated to BstxI/EcoRl a p 
, resulting adaptors was removed by 

anvit.cgen Cc,:pJ ■ ^ %^™.ci.-LKB. ana 

chromatography on Sephacryi »» 

.he a-c™. .i« «-ct^ - • r-^-lar we.gh. 

(MilUpor. corp.. "i"""''. J ,^ CDNA cloning 

0 fraction, vr. "^.ted ". P^^^^. ^^ya-na and Berg, 
«pr...ion vector d«.ved ^J'^J'^^ '^J^ „ 

?"Ltee?Z:«o "d Seea/x,.., • Th. Ug.ted 
by ATuffo ana Seea (Aruf ^ ^^^^ 

™* «.» \" :"/,ri„depena.nt clones with an 

,5 Bi°"<" - ^""^/'/-^^i^ Lia be generated. The 

insert .^^^iti^^ee (An^icillin -election, 

library «as plated on ^tr ^^^^^ 

in pools of 6.9 to B. trom each pool were 

hours ...plificat.on 1.5 

30 ^LrpLitication With a OX.prep-S 

processed for plasmia p ^v, ra^ 1 ml aliquot s 

plasmidKit ----- t::ror;a 1; -SS-C in .0* 
of each bacterial pool were 

glycerol . 

35 - ^ ^„,,r^rf^na a n afS 

•rn^i^^j 9n 7^ " g^ ^^ r.lone 
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DNA from pools of - 7cnn 

tr-an«f:« ^ ^ ■ independent clones was 

cransf acted into COS -7 r-«n« u -"co was 

before transfecti^ at^"d 

washed twice With 7 S .rcrt"^,"'"' 

was added containing 1/10 of the mlT " 
^.^.-dextran ,so. .^/^^in Op IZZirT T 

Alter a 30 mm. xncubation at 37«r ■» „i 

turcner 2,5 hours at 27^r 

w ^ «^ J/ The media was aspirated from 

Ts r r ' °' add.: j::: 

0 lsli:i/T1:'T " ""^-tu". the „.dia was 

aspirated each chanter waahed once with 2 ml PBS, the 
cells .ncubated 4S hours in r»™.c anj ^he binding Issay 
was performed on the slides. «ter one wash wifh pL 
positive pools were identified by incubating the ceui 
With 1 m (3x10' cpm per slide, of porcine f-l, ~t 

5 S*.«„0Ci/™„le, in 20 « „epes-«ao„ ^h , 4 Ca^. ^2^ 
««. MgSO* 0.81 m, KH,PO. 0.44 m KCL 5 4 „ n, 

BSA, 0.1% bacitracin for i C„ , 

, ^ """^ a' room temperature 

After Six washes (three seconds each, in binding buffer 
Without Ugand, the monolayers were fixed !„ 2" 
glutaraldehyde in PBS for five minutes, washed twice for 
two minutes in PBS. dehydrated in ethanol baths for two 
minutes each ,70. 00, 55, ioo*, and air dried. The slides 

ITl^T.^'" 'Koaak type KTB^ 

at 42 c and exposed in the dark for 48 hours at 4"c in 
Usht proof boxes containing drierite. slide. „,r. 
developed for three minutes in Kodak Dl, developer Zl 
9/1 of water,, rinsed in water, fixed in Kodak fixer for 
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S Minutes. .i«ea in «ter. .ir »a --"^ J^'^l; 

CG-18, was isolated ey s»x . „.^v, a secjuenase kit 

1987) DS-DNA %»as sequenced with a sequena 
5 cormick, 1987) . os> u according to the 

'"^ .:r:rtc.S - Pe^^a: ..ence ,na.vaU 
r: ;:n™a With .CO pro^..ns <Oen«ics Co„,ut.r 
group, Madison, WI) . 



10 



U.i„, oii,onucieouae p.i™er^.n T« ^^----r 

position - ,r ,n MS 

IS primer; position 1219 12«3 nbrarv using the 

'ecreenea a h»»n hippocs^a =™a ^^"^^ , 
polymerase chain reaction. 1 d '* .5000 

Lcf o* «^xifi.a pool- '"""f^^^^ , „. 

inaepenaent clone, ana ana the 

,0 was sublectea airectly to 4 cycle" of 

resulting Proaucts anai,«a^ hy ^^^^^ _ 
electrophoresis . we , , » ainale cDNA clone 

a„aly«a further ana by sih ^^''^^^J^l^ out to 
was isolatea ana orientation for 

" - ^-t.rwaV'seten::r:rthase<.en.se.it 
rrBrhemic" Clevelana. OH, accorain, to the 
manufacturer. 

" ^-^f^'^t^lfl^fS^otiae se^ence. of the 
Jin alignment of tne co a synthesize a pair 

„t «>a hum«. VS receptors „^ioh is 

of PCR primers. A region "P"«^"J^„™„ ,^osen to 

35 100* conserved between rat a„a hu»n 
synthesize the forwara primer CH 156. 
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A region at the carboxy end of the c i„ 

upstrea. o. „MCH i. ..a/C L a^e^^a Z^r::,' 

ana^hu.^ ae^encea »aa chosen to .^thea.e the^ 



S--0TCTGTAG««Aa«:TT0G»GaTCTCIT.3. ,s.,. i.d. No. 8,. 

10 The primera CH156.CHX53 were uaed to an^Ufy i„ 

Poay (A*) RNA from rat brain that w,. ^ 
u.ing the SSII reverae !!! T"' ""^^'^^'^^ 

Gaithersburg. «D, . PCR perf oZr " 
CWA With Tag Poly,»r..r 'perlinTl " ""^^'"^'^-^-^ 
IS syate^s, Branohbu^ » "J^ t^e f^^'-'^^''' 

94 »C for I ""maer the following conditions: 

cycle! ZT' 1 " ^ -o 

cyclea. The resulting 7<.e bp PCR DNA fragment waa 

aubcloned in pCR Script (Stratagene. La aolla Z 
se^enced using a se^enase .it ,USB, Cleveland Z ^ 

20 IS designated Y5-bd-5, 

The Visaing 3- and 5- enda of the beagle dog Y5 receptor 
se^ence. were isolated by 3. and s- Lcn using a 
2S ^rathon cONA amplification kit (Clontech. Palo AUo 
CA) . From the seguence of i-h* k , 
fragment described a^ t^ ' r -^"^ ™* 

synthesized, following PCR primers were 

30 (3' RACE) 
CH 204: 

5'-CTTCCAGTGTTTCACAGTCTGGTGG-3' (Seq. I.D. No. 9); 
CH 218 (nested primer) : 
35 5'-CTGAGCAGCAGGTATTTATGTGTTG-3' (Seq. I.D. No. 10); 

(5' RACE) 
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""sLcTGGATGM^TGCTGACTTCTTACAG-S' (Seq. I.I>. No. 

11); 

Tb, 3- ^ 5- RACE r..=ticn« were carried out^on be^e 
Z th.r..lc cm. according to the kit «P-*-;^<^ 

::rs:%errU.;uLa -=1. t. nested prl^™ 
agarose g „s„iting MA bands were again 

.rt:. agarose gel and subclcned in Script 
15 (stratagene, La Jolla, CA) . 



20 



25 



30 



35 



Th. nucleotide se<p.«.=e corresponding '° ^ 

:i.td.t.r..d.n..^^^^^ 

"'^TturlniUaUrn Z stop "don regions and those 
against the initia ^^^^^ 

:ra.rcr to-rate a 

nU^Cnrrh nirt^:*.^^^^ -hrmger 
usxng the Expana has resulting 

— -rrwUlT'T :»d"in th'e expression 
PCR DSA product will be m» 

rirot^sr^eretrhe^::^- usmg a Se^enase 
Kit (USB, Cleveland, OH). 

Hp rt ^f ^ rR 3^^^ northern blots (KTN blots II 
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The probe was a 0.8 kb dna ppr fr-.^ . 

region o. ..e ^ ^ce^rs^ " '"^ 

juto, CA) carrying mRHA ourifi^j . 
v^ious rat tissues was hybridized « k 
according to the »anu£actu«r s^ci„c.ti ' stringency 
was a 0.8 kb DBA PCR £ra<™.r/ Probe 
" - carboxy end o£ 5"^ ""--Ponding to the ™ lix 

rat vs «c.ptor .It^; " '"^ »^ 

South 

Southern blots (Geno-Rir,^ i 
IB containing hu«„ ^ rat 

different enzy^s " JVp^U T 

stringe«:y alrTng' to th"r "''"^'f " 

apeci£ications. The probe Js a "a pTf" 

corresponding to the m itt _ w PCR fragment 

20 in the codil reaion o/",' ""^ °' 

subtypes. ^ ' ""^ » «ceptor 



roductj^ ^ 

lovj 



A Bam HI site directlv t-rs 
25 human ys was geneticallv .„ ""^ methionine of 

» genetically engineered by replacinc ^h« 
beginning -lOO base pairs of hys (i e fL ,t " 
methionine to an internal KcoKr IZ, l^T'lZ 
overlapping synthetically-derived oligonucl otides 00 
30 sir ■ • Bam HI Site and a 3 ^Zl 

30 site. This permitted the isolation of an -l s kK n 
Hi/Hind IXI fragment containing the codingtgi'n of hys 
This fragment was subcloned into pBlueBacril" into th. 

aUeTpr/h«, " '~ 

called pBB/hYB). To generate baculovirus, 0.5 «= of 

3S viral DNA (BaculoGold", and 3 ,g o. p^B/hys Zr7 Z 

ransfected into = . 10. ....J..,,,,^,,^ .^c: : « 

cells by calcium phosphate co-precipitation method, as 
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M.„.d in by Pharmingen (in «Baculoviru8 ExpreBsion 
outlxnea m oy = ««^„ai«»» The 

.r^^^or svstem: Procedures and Methods Manual ). 

Itooki wr. .. de.=rib«l in Pharmingen- s manual. 
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rfH OAlturs ^ with 
COS-7 cells were grown on 150 mm plates in 

, ^« (Dulbecco's Modified Eagle Medium with 10% 

supplements (Dulbecco ^^^^.^^^ ,,its/ml 

bovine calf serum, rm s 

penicillin/lOO Mg^l streptomycin) ^7 C-J* ^ 
-. . o of COS-7 cells were trypsinized and split 

3 ^ys Human embryonic Icidney 293 cells were 
every ^-'^^^'JLs in D-MEM with suppUtnents (minimal 
grown on 150 plates i ^ supplements 

essential medium) with Hanks sa _ 

(Dulbecco's Modified Eagle ''-^7 «^^^\\^^°*,,t^^,;o 

» «lMtamine. 100 units/ml penicillin/ 
..rum. 4 f 3,„,, plate, of 2,3 eeU. 

•treptomycin) at 37 c, 5 , 

«re tryp.ini«<J and spUt 1 = 6 every 3 J' ^ 
„bro.last U„eK-> cells «ere ^"J^^^^I^ 
B.„E« With supplements ^^'^^"f 
„lth 10% bovine calf serum. 4 ""jl"'"-- ^'^^ 



every 3-4 days 



, , cell, stably transfeeted with the human Y5 
"*i„ely converted from an adherent 
receptor «re ^^^^'^J . ^^herent cells -re 

monolayer to a viable P confluence. 

,.„e.t.d ..^^.te for a 

::rc:r :rfurther ^--^ — — r 
ro^^riurr^.r: « . .i.co.e. ^ . 
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L-glutamine, loo uni>«/mi ... 

S S^™ i^.!:: IT'"- eel s 

grown m this manner nay be stored as laro. .mi* 

distribution into «.well i^crotiter plates coated „itl 

yielded? T ■ - --ner 

yielded a robust and reliable NPy-depende„t response in 
=«MP radio-i^unoassays as further described herelnbelo^ 

Mouse e„4,ryonic fibroblast NIH.3T3 cells were grown on 
15 150 ™» Plat., in Buibecco.s Modified Bagle .^diul 

with supplement. ,10» bovine calf seru™, 4 m glutl^ 
5 =r atreptomycinrat .7:1: 

1 »lit I°is °' -"^^ trypsinlze; 

ana split i:i5 every 3-4 days 

20 

Sf9 and Sf2l cells were grown in monolayers on 150 mm 
tissue culture dishes in tmm «i ^- 

10% fetal calf ^ supplemented with 

retal calf serum, at 270c no m u- u 

no cx)j. High Five insect 

s cell 4^:^:' °" "° " ^"^a' in Ex' 

37", Tco7 " ^-°^«a.ine. also at 
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35 



Trans i^pt Tranefo^^^^^ 

All receptor subtypes studied (human and rat Yl, human 
and rat Y2, human and rat Y4. human and rat Y5) were 
transxently transfected into cos-7 cells by the DEAE- 
dextran method, using 1 ,g of DKA /io» cells (Cullen, 

rl . "«ing known 

methods (Larhammar, et al., 1992). 



Stablp Trans f<»i7H^p 
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Human Yl. human Y2. and rat Y5 receptors were co- 
trrefected with a G-41B resistant gene into the human 
e^'Lc Kidney 293 cell line by a calcium phosphate 
:r^Zfection method (Cullen, 1987) . Stably ^ra-fected 
s cllls were selected with 0-418. Human and human Y5 
' :ece;to:s were similarly tranafected into mouse 
fibroblast Ii4(tk-) cells and NIH-3T3 cells. 

" Bu«n Adr«..rgic Receptor.: To 

hindina of compounds to human a. receptors. LM(tk ) 
: Us stably transfected with the genes encodxn. 

and a,, receptors were used. The 
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recently, auch that the receptor £om«rly ^'"^nated 

now deaignatea »„. «^ th. «c.p or fom»rly 
aeaignated a„ 1. na» deaignatad .„ (ref ) • The cell 
linerexpraaaing thaa. racaptor. ware ""J' 
tha ATCC bafora th. no«ncl.t»r. change and "fleet the 
«ibtvpe daagnation. formerly aaaigned to theae 
tTca^ora. tTus. tha call line expreasing the receptor 
IlHr^bed herein aa tha «„ receptor waa depoartad with 
daaoriBaa ner Acceaaion 
tha ATCC on septe-nber 25, 1992, un 
NO. CRL 11140 with the deaignatxon L-a c. Tha call 
expreaaing receptor deacribed herein aa the 
expxc 3 September 25, 1992. 

was deposited ^"",,,33 the designation 

under ATCC Accession NO. CRL 1113 receptor is 

L-a The cell line expressing the a., recepto 

. T and was deposited on September 25. 

designated L-a„, and was aep 
1992, under ATCC Accession No. CRL 11139. 

:;ndtro--t^r==. ::.^r::.£ 

- Unea atahly ^^J^J:!'-^ 
'e:«:;i:rrorr:cep:or ia designated .-o„. and waa 
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deposi ted on November 6 ioq^ „»j 

CRL iiifln rr ' ^^"^ ^^^^ Accession No. 

CRL 11180. The cell line expressing the a,, receptor 
IS designated L-NGC-a an,i . ^ receptor 
5c; ,000 . deposited on October 

25, 1989, under ATCC Accession No. CRL 10275. The cell 
5 ixne expressing the receptor is designated 

and was deposited on Nove„a>er 6, 1992, under ATCC 
Accession No. CRL-III8I. Cell lysates were prepared as 
described below (see Radioligand Binding to Mel^ne 

co.petiti:rbLdVTss:r^^^^^^^ 

raui , ««»sy were performed usino 

[HJrauwolscne (0.5nM,. and nonspecific binding was 
deter.xned by incubation with ao.« phentola.ine. 

15 GP/B filters using a cell harvester. 

Buaan Histamine H, Receptor- Th« 

X, ^. ■''•Pcor. The coding sequence of 

the hun^n histamine H, receptor, homologous to the 
bovine H, receptor, was obtained from a hum^ 
20 hippocampal cDNA library, and was cloned into T 

for'X''„' The plasmid DNA 

for the H, receptor is designated pcEXV-Hl, and was 

75^6"''.." ''''' ^"'^^ ^^^^ NO. 

25 H 1 =<>nstruct was transfected into COS-7 cells 

25 by the DEAE-dextran method, cells were harvested after 

EDTA, pH 7.5. The cell lysates were centrifuged at 
1000 rpm for 5 min at 4*c an^ ♦-i,^ a « 

i« ac 4 c, and the supernatant was 
centrifuged at 30,000 x g for 20 min. at 4«c The 
30 pellet was suspended in 37.8 mM NaHPO,, 12.2 mM KH,PO 
PH 7.S. The binding of the histamine H. antagonis^; 
f HJmepyramine (inM, specific activity: 24.8 Ci/mM) was 
done m a final volume of 0.25 mL and incubated at room 

35 d!r"'T. " binding was 

35 determined m the presence of 10 mm mepyramine. The 

bound radioligand was separated by filtration through 

GF/B filters using a cell harvester. 
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^ Hl.t«.in. B, R.c«.tor= The coding sequence of 
.he hu«an receptor was obtain«l from . h»»n 
pl.ce„c. genondc library, and cloned into the clonxng 
site of PCEXV-3 eukaryotic «cpr.asion 
plasmid DSA for the H, receptor is deaxgnated «^ 
Ld was deposited on November 6. "92 under ATCC 
\ Z 75345 This construct was transfected 
Accession So. 753»s. (-,iis 
into COS-7 cells by the DEAE-dextran method. Cells 
Tre harvested after 72 hours and lysed by 
Tb-^ Tris-HCl, 5n« EDTA. pH 7.5. The cell lys.tes 
centrifuged at 1000 rp^ for 5 min " ^J^^^ 
supernatant was centrifuged at 30.000 x ^J^J^^^ 'l 
4 .c The pellet wa= suspended in 37.8 mM NaHFO., 12.2 
1 X2P0 PH 7.5. The binding of the bistamxne H. 
i:;::ist^.H>tiotidine a^ 

J. a 'F^nal volume or 0.*S '"A 

Ci/mM) was done in a final voxum ^.x.^ 
ubated at roo. ten^erature for 60 .in. -nspe;xfxc 
binding was determined in the presence of 10 mM 
TistaJne. The bound radioligand 
filtration through GF/B filters usxng a cell harvester. 

Human Serotonin Receptors: 

5HT 5HT„,, 5HT„, 5HT„ Receptors: LM(tk ) clona 
•ruiines tably transfected with the genes encoding 
each of these 5HT receptor subtypes were P-pa-d - 
Tscribed above. The cell line for the 5HT rec^Ptor 
designated as .tK-S-30-84. ^as deposit e^on . 1 
1990, and accorded ATCC Accession No. CRL 104 
cell for the 5HT., receptor, designated as I^^^'^^' 
deposited on April 17, 1990, and accorded ATCC 

• r, lao CRL 10422. The cell line for the 
Accession No. CRL 1042 . deposited on 

receptor, designated 5 HT„ 7. wa ^ 

I \ 1991 and accorded ATCC Accession NO. CRL 
Novenfcer 6, 1991, ana^ j-eceptor. designated 

1 noT 7 The cell line for the SHTxr recet* 

10913. ine ^-cj-* „k«.,. 57 1991, and 

X s HT was deposited on pecember 27, X3» . 
L-5-HT1,, was 10957. Membrane 

accorded ATCC Accession Bo. '^^^ „a 
preparations comprising these receptors were p 
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as described below, and suspended in BOmM Tris-HCl 
buffer (pH 7.4 at 370C) containing 10 inM MgCl,, 0.2 mM 
EDTA, lOMM pargyline, and 0.1% ascorbate. The binding 
of compounds was determined in competition binding 
assays by incubation for 30 minutes at 37»C in the 
presence of 5nM [^H] serotonin. Nonspecific binding was 
determined in the presence of lO/iM serotonin. The 
bound radioligand was separated by filtration . through 
GP/B filters using a cell harvester. 



Human 5HT, Receptor: The coding sequence of the human 
SHT, receptor was obtained from a human brain cortex 
cDNA library, and cloned into the cloning site of 
pCEXV-3 eukaryotic expression vector. This construct 
was transfected into COS-7 cells by the DEAE-dextran 
method. Cells were harvested after 72 hours and lysed 
by sonication in 5mM Tris-HCl, SmM EDTA, pH 7.5. This 
cell line was deposited with the ATCC on October 31. 
1989, designated as L-NGC-SHTj, and was accorded ATCC 
20 Accession No. CRL 10287. The cell lysates were 
centrifuged at 1000 rpm for 5 minutes at 4»C, and the 
supernatant was centrifuged at 30,000 x g for 20 
minutes at 4«C. The pellet was suspended in 50mM Tris- 
HCl buffer (pH 7.7 at room temperature) containing 10 
25 mM MgSO,, 0.5mM EDTA, and 0.1% ascorbate. The potency 
of alpha -1 antagonists at SHTj receptors was determined 
in equilibrium competition binding assays using 
[3H]ketanserin (inM) . Nonspecific binding was defined 
by the addition of lO/xM mianserin. The bound 
30 radioligand was separated by filtration through GF/B 
filters using a cell harvester. 

Human 5-HT, Receptor: A LM(tk-) clonal cell line 
stably transfected with the gene encoding the 5HT, 
35 receptor subtype was prepared as described above. The 
cell line for the SHT, receptor, designated as L-5HT„, 
was deposited on October 20, 1992, and accorded ATCC 
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Huinaii Dopamine D, Receptor: The binding of compounds 
to the human D3 receptor was determined using membrane 
preparations from COS -7 cells transfected with the gene 
encoding the human Dj receptor. The human dopamine Dj 
receptor was prepared according to known methods 
(Sokoloff, P. et al. Nature, Ml. 146. 1990, deposited 
with the EMBL Genbank as X53944) . Cells were harvested 
after 72 hours and lysed by sonication in 5mM Tris-HCl, 
5inM EDTA, pH 7.5. The cell lysates were centrifuged at 
1000 rpm for 5 minutes at 4-C, and the supernatant was 
centrifuged at 30,000 x g for 20 minutes at 4''C. The 
15 pellet was suspended in 50 mM Tris-HCl (pH 7.4) 
containing imM EDTA. 5mM KCl, 1.5mM CaCl,, 4mM MgCl^. 
and 0.1% ascorbic acid. The cell lysates were 
incubated with t'H] spiperone (2nM) , using lO^M 
(+)Butaclamol to determine nonspecific binding. 



20 



f1^^m^r^"'^ Harvest 

Membranes were harvested from COS-7 cells 48 hours 
after transient transf action . Adherent cells were 
washed twice in ice-cold phosphate buffered saline (138 
25 mM NaCl, 8.1 mM Na^ffO., 2.5 mM KCl. 1.2 mM KH.PO,. 0.9 
mM CaClj. 0-5 mM MgCl,. pH 7.4) and lysed by sonication 
in ice-cold sonication buffer (20 mM Tris-HCl. 5 mM 
EDTA, pH 7.7) . Large particles and debris were cleared 
by low speed centrifugation (200 x g, 5 min, 4 "O . 
Membranes were collected from the supernatant fraction 
by centrifugation (32.000 x g, 18 min. 4 "O . washed 
with ice-cold hypotonic buffer, and collected again by 
centrifugation (32,000 x g, 18 min, 4 -C) . The final 
membrane pellet was resuspended by sonication into a 
small volume of ice-cold binding buffer (-1 ml for 
every 5 plates: 10 mM NaCl, 20 mM HEPES, 0.22 mM KH,PO«, 
126 mM CaCl„ 0.81 mM MgSO,, pH 7.4). Protein 
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concentration was measured by the Bradford method 
(Bradford, 1976) using Bio-Rad Reagent, with bovine 
serum albumin as a standard. Membranes were held on 
ice for up to one hour and used fresh, or flash- frozen 
5 and stored in liquid nitrogen. 

Membranes were prepared similarly from 293, LM(tk-), 
and NIH-3T3 cells. To prepare membranes from 
baculovirus infected cells, 2 x 10^ Sf21 cells were 
grown in ISOram tissue culture dishes and infected with 
a high-titer stock of hY5BB3. Cells were incubated for 
2-4 days at 27<>C, no CO^ before harvesting and membrane 
preparation as described above. 

Membranes were prepared similarly from dissected rat 
hypothalamus. Frozen hypothalami were homogenized for 
20 seconds in ice-cold sonication buffer with the 
narrow probe of a Virtishear homogenizer at 1000 rpm 
(Virtis, Gardiner, NY) . Large particles and debris were 
cleared by centrifugation (200 x g, 5 min, 4 °C) and 
the supernatant fraction was reserved on ice . Membranes 
were further extracted from the pellet by repeating the 
homogenization and centrifugation procedure two more 
times. The supernatant fractions were pooled and 
subjected to high speed centrifugation (100,000 x g, 20 
min. 4 ^C) . The final membrane pellet was resuspended 
by gentle homogenization into a small volume of ice- 
cold binding buffer (l mL/ gram wet weight tissue) and 
held on ice for up to one hour, or flash- frozen and 
stored in liquid nitrogen. 

Radioligand Binding to Me mbrane Suspensions 
Membrane suspensions were diluted in binding buffer 
supplemented with 0.1* bovine serum albumin to yield an 
35 optimal membrane protein concentration so that "*I-PYY 
(or alternative radioligand such as "^I-NPY, "^I-PYYa.jg, 
or "^I- [Leu^'Pro'']PYY) bound by membranes in the assay 
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was less than 10% of "*I-PYY (or alteraative 
radioligand) delivered to the sample (100,000 
dprn/sample = 0.08 nM for competition binding assays). 
i2Sj.pyy (qj. alternative radioligand) and peptide 
5 competitors were also diluted to desired concentrations 
in supplemented binding buffer. Individual samples were 
then prepared in 96 -well polypropylene microtiter 
plates by mixing "*I-PYY (25 tiW (or alternative 
radioligand) , competing peptides or supplemented 

lb binding buffer (25 iili) , and finally, membrane 
suspensions (200 lil) . Samples were incubated in a 30 ""C 
water bath with constant shaking for 120 min. 
Incubations were terminated by filtration over Whatman 
GF/C filters (pre-coated with 1% polyethyleneimine and 

15 air-dried before use) , followed by washing with 5 mL of 
ice-cold binding buffer. Filter-trapped membranes were 
impregnated with MultiLex solid scintillant (Wallac, 
Turku, Finland) and counted for "^I in a Wallac Beta- 
Plate Reader. Non-specific binding was defined by 300 

20 nM human NPY for all receptors except the ¥4 subtypes; 
100 nM human PP was used for the human Y4 and 100 nM 
rat PP for the rat Y4 . Specific binding in time course 
and competition studies was typically 80%; most non- 
specific binding was associated with the filter. 

25 Binding data were analyzed using nonlinear regression 
and statistical techniques available in the GraphPAD 
Prism package (San Diego, CA) . 

Functional Assav; Radioimmunoa figav of cAMP 
30 Stably transfected cells were seeded into 96 -well 
microtiter plates and cultured until confluent. To 
reduce the potential for receptor desensitization, the 
serum component of the media was reduced to 1.5% for 4 
to 16 hours before the assay. Cells were washed in 
35 Hank's buffered saline, or HBS (150 mM NaCl, 20 mM 
HEPES, 1 mM CaClj, 5 mM KCl, 1 mM MgCl^, and 10 mM 
glucose) supplemented with 0.1% bovine serum albumin 
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plus 5 niM theophylline and pre- equilibrated in the same 
solution for 20 min at 37 in 5% COj. Cells were then 
incubated 5 min with 10 forskolin and various 

concentrations of receptor-selective ligands. The assay 
5 was terminated by the removal of HBS and acidification 
of the cells with 100 mM HCl. Intracellular cAMP was 
extracted and quantified with a modified version of a 
magnetic bead-based radioimmunoassay (Advanced 
Magnetics, Cambridge, MA) . The final antigen/antibody 

10 complex was separated from free "^I-cAMP by vacuum 
filtration through a PVDF filter in a microtiter plate 
(Millipore, Bedford, MA) . Filters were punched and 
counted for in a Packard gamma counter. Binding 
data were analyzed using nonlinear regression and 

15 statistical techniques available in the GraphPAD Prism 
package (San Diego, CA) . 

Functional Assav: Intracellu lar calcium mobilization 

20 The intracellular free calcium concentration was 
measured by microspectrof lourometry using the 
fluorescent indicator dye Fura-2/AM (ref ) . Stably 
trans£ected cells were seeded onto a 35 mm culture dish 
containing a glass coverslip insert. Cells were washed 

25 with HBS and loaded with 100 fil of Fura-2/AM (10 /xM) 
for 20 to 40 min. After washing with HBS to remove the 
Fura-2/AM solution, cells were equilibrated in HBS for 
10 to 20 min. Cells were then visualized under the 40X 
objective of a Leitz Fluovert FS microscope and 

30 fluorescence emission was determined at 510 nM with 
excitation wave lengths alternating between 340 nM and 
380 nM. Raw fluorescence data were converted to calcium 
concentrations using standard calcium concentration 
curves and software analysis techniques. 

35 

Tissue preparation for neuroanatomical studies 

Male Sprague-Dawley rats (Charles Rivers) were 
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decapitated and the brains rapidly removed and frozen 
in isopentane. Coronal sections were cut at il fim on 
a cryostat and thaw-mounted onto poly-L- lysine coated 
slides and stored at -80» C until use. Prior to 
hybridization, tissues were fixed in 4% 
paraformaldehyde, treated with 5 mM dithiothreitol , 
acetylated in 0.1 M triethanolamine containing 0.25% 
acetic anhydride, delipidated with chloroform, and 
dehydrated in graded ethanols. 

The oligonucleotide probes employed to characterize the 
distribution of the rat NPY Y5 mRNA were complementary 
to nucleotides 1121 to 1165 in the 5,6-loop of the rat 
y5 mRNA (fig- 3A) 45mer antisense and sense 
oligonucleotide probes were synthesized on a Millipore 
Expedite 8909 Nucleic Acid Synthesis System. The 
probes were then lyophilized, reconstituted in sterile 
water, and purified on a 12% polyacrylamide denaturing 
gel. The purified probes were again reconstituted to 
a concentration of 100 ng/nl. and stored at -20»C. 

Tn fiitu pYV?-rHdization 

Probes were 3 '-end labeled with «S-dATP (1200 Ci/mmol, 
New England Nuclear, Boston, MA) to a specific activity 
of 10» dprn/^g using terminal deoxynucleotidyl 
transferase (Pharmacia) . The radiolabeled probes were 
purified on Biospin 6 chromatography columns (Bio-Rad; 
Richmond, CA) , and diluted in hybridization buffer to 
a concentration of 1.5 x 10* cpm/zxl- The hybridization 
buffer consisted of 50% formamide, 4X sodium citrate 
buffer (IX SSC - 0.15 M NaCl and 0.015 M sodium 
citrate), IX Denhardt's. solution (0.2% 
polyvinylpyrrolidine. 0.2% Ficoll, 0.2% bovine serum 
albumin), 50 mM dithiothreitol, 0.5 mg/ml salmon sperm 
DNA, 0.5 mg/ml yeast tRNA, and 10% dextran sulfate, 
one hundred m1 of the diluted radiolabeled probe was 
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applied to each section, which was then covered with a 
Parafilm coverslip. Hybridization was carried out 
overnight in humid chambers at 40 to 55**C. The 
following day the sections were washed in two changes 
5 of 2X SSC for one hour at room temperature, in 2X SSC 
for 30 min at 50-60^C, and finally in O.IX SSC for 30 
min at room temperature. Tissues were dehydrated in 
graded ethanols and apposed to Kodak XAR-5 film for 3 
days to 3 weeks at -20**C, then dipped in Kodak NTB3 
10 autoradiography emulsion diluted 1:1 with 0.2% glycerol 
water. After exposure at 4*>C for 2 to 8 weeks, the 
slides were developed in Kodak D-19 developer, fixed, 
and counterstained with cresyl violet. 

15 Hybridization controls 

Controls for probe/hybridization specificity included 
hybridization with the radiolabeled sense probe, and 
the use of transfected cell lines. Briefly, COS-7 
cells were transfected (see above) with receptor cDNAs 

20 for the rat Yl, Y2 (disclosed in US patent application 
Serial No. 08/192,288, filed on February 3, 1994), y4 
(disclosed in US patent application Serial No. 
08/176,412, filed on December 28 1993), or Y5. As 
described above, the transfected cells were treated and 

25 hybridized with the radiolabeled Y5 antisense and sense 
oligonucleotide probes, washed, and apposed to film for 
1-7 days. 

Analysis of hybrid ization signals 

30 Sections through the rat brain were analyzed for 
hybridization signals in the following manner. 
"Hybridization signal" as used in the present context 
indicates the relative number of silver grains observed 
over neurons in a selected area of the rat brain. Two 

35 independent observers rated the intensity of the 
hybridization signal in a given brain area as 
nonexistent, low, moderate, or high. These were then 
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converted to a subjective numerical scale as 0, +1, +2, 
or +3 (see Table 10) , and mapped on to schematic 
diagrams of coronal sections through the rat brain (see 
Fig. 11). 

5 ■ ■ 

t^hemieal evnthetic methods 

conpound 28 

2- (naphthalan- l-ylamino) -3-phenylpropioaitrile 

10 To a solution of i-naphthalenemethylamine (2.9 g, 20 
mmol) and benzylaldehyde (2.0 g, 17 mmol) in 30 ml of 
CHCI3 and 10 ml of MeOH was added TMSCN (6.6 ml, 51 
mmol) and the resulting solution was stirred for 12 h 
at 25 "C. The reaction mixture was concentrated in 

15 vacuo , yielding an oil which was subjected to column 
chromatography (EtOAc, neat) to provide 3.5 g (74%) of 
the desired product as a colorless oil. Product was 
identified by NMR. 

20 2-(Kaplithalen-l-yl)-3-pheaylpropane-l,2-dia«iiie 

To a solution of the nitrile (0.5 g, 1.8 mmol) in THF 
was added 6.9 ml of IN LiAlH^ in THF dropwise and the 
resulting solution was stirred for 2 h. The reaction 
was quenched by adding a few pieces of ice into the 

25 solution. The reaction mixture was diluted with EtOAc 
and filtered through pad of Celite. Organic filtrate 
was concentrated in vacuo to provide a oily residue 
which was subjected to column chromatography (EtOAc, 
neat) to provide 0.28 g (57%) of the desired product as 

30 a colorless oil. The product was identified by NMR. 



771 vivo studies in rats 

yood int ftfee in satiiated rats 

For these determinations food intake maybe measured in 
normal satiated rats after intracerebroventricular 
application (i.e. v.) of NPY in the presence or absence 
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of the test compoiind. Male Sprague Dawley rats (Ciba- 
Geigy AG, Sisseln, Switzerland) weighing between 18 Og 
and 220 g are used for all experiments. The rats are 
individually housed in stainless steel cages and 
maintained on an 11:13 h light-dark cycle (lights off 
at 18:00 h) at a controlled temperature of 21-23 'C at 
all times. Water and food (NAFAG lab chow pellets, 
NAFAG, Gossau, Switzerland) are available ad libidum . 

Rats under pentobarbital anesthesia are stereotaxically 
implanted with a stainless steel guide cannula targeted 
at the right lateral ventricle. Stereotaxic 
coordinates, with the incisor bar set -2.0mm below 
interaural line, are: -o.8mm anterior and +l.3mm 
lateral to bregma. The guide cannula is placed on the 
dura. Injection cannulas extend the guide cannulas - 
3.8mm ventrally to the skull surface. Animals are 
allowed at least 4 days of recovery postoperatively 
before being used in the experiments. Cannula 
placement is checked postoperatively by testing all 
rats for their drinking response to a 50 ng 
intracerebroventricular (i.e. v.) injection of 
angiotensin II. Only rats which drink at least 2.5 ml 
of water within 30 min. after angiotensin II injection 
are used in the feeding studies. 

All injections are made in the morning 2 hours after 
light onset. Peptides are injected in artificial 
cerebrospinal fluid (ACSF) in a volume of 5^1. ACSF 
contains: NaCl 124mM, KCl 3.75 mM, CaCl^ 2.5 mM, MgSO^ 
2.0 mM, KHjPO^ 0.22mM, NaHCOj 26 mM and glucose 10 mM. 
porcine-NPY is dissolved in artificial cerebrospinal 
fluid (ACS). For i.c.v. injection the test compounds 
are preferably dissolved in DMSO/water (10%, v/v) . The 
vehicle used for intraperitoneal (i.p.) , subcutaneous 
(s.c.) or oral (p.o.) delivery of compounds is 
preferably water, physiological saline or DMSO/water 
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(10% v/v) , or cremophor/water (20% v/v) , respectively. 

Animals which are treated with both test compounds and 
p-NPy are treated first with the test compound. Then, 
5 10 min, after i.e. v. application of the test compound 
or vehicle (control), or 30-60 min after i.p., s.c. and 
p.o. application of the test compound or vehicle, 3 00 
pmol of NPY is administered by intracerebroventricular 
(i-c.v. ) application. 

10 

Food intake may be measured by placing preweighed 
pellets into the cages at the time of NPY injection. 
Pellets are removed from the cage subsequently at each 
selected time point and replaced with a new set of 

15 preweighed pellets . The food intake of animals treated 
with test compound may be calculated as a percentage of 
the food intake of control animals, i.e., animals 
treated with vehicle. Alternatively, food intake for 
a group of animals subjected to the same experimental 

20 condition may be expressed as the mean ± S.E.M. 
Statistical analysis is performed by analysis of 
variance using the Student -Newman- Keuls test. 

Food intak e in food-deprived rats 

25 Food- deprivation experiments are conducted with male 
Sprague-Dawley rats weighing between 220 and 250 g. 
After receipt, the animals are individually housed for 
the duration of the study and allowed free access to 
normal food together with tap water. The animals are 

30 maintained in a room with a 12 h light/dark cycle (8:00 
a.m. to 8:00 p.m. light) at 24 °C and monitored 
humidity. After placement into individual cages the 
rats undergo a 4 day equilibration period, during which 
they are habituated to their new environment and to 

35 eating a powdered or pellet diet (NAFAG, Gossau, 
Switzerland) . 
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At the end of the equilibration period, food is removed 
from the animals for 24 hours starting at 8:00 a.m. At 
the end of the fasting period compound or vehicle may 
be administered to the animals orally or by injection 
5 intraperitoneal ly or intravenously. After 10-60 min. 
food is returned to the animals and their food intake 
monitored at various time periods during the following 
24 hour period. The food intake of animals treated 
with test compound may be calculated as a percentage of 
10 the food intake of control animals (i.e., animals 
treated with vehicle) . Alternatively, food intake for 
a group of animals subjected to the same experimental 
conditions may be expressed as the mean i S.E.M. 

15 Food intake in obese Zucker ratia 

The antiobesity efficacy of the compounds according to 
the present invention might also be manifested in 
Zucker obese rats, which are known in the as an animal 
model of obesity. These studies are conducted with male 

20 Zucker fatty rats (fa/fa Harlan CPB, Austerlitz NL) 
weighing between 480g and 500g. Animals are 
individually housed in metabolism cages for the 
duration of the study and allowed free access to normal 
powdered food and water. The animals are maintained in 

25 a room with a 12 h light/dark cycle {light from 8:00 
A.M. to 8:00 P.M.) at 24 and monitored humidity. 
After placement into the metabolism cages the rats 
undergo a 6 day equilibration period, during which they 
are habituated to their new environment and to eating 

30 a powdered diet. At the end of the equilibration 
period, food intake during the light and dark phases is 
determined. After a 3 day control period, the animals 
are treated with test compounds or vehicle 
(preferablywater or physiological saline or DMSO/water 

35 (10%,v/v) or cremophor/water (20%,v/v) . Food intake 
is then monitored over the following 3 day period to 
determine the effect of administration of test compound 
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or vehicle alone. As in the studies described 
hereinabove, food intake in the presence of drug may be 
expressed as a percentage of the food intake of animals 
treated with vehicle. 

5 

Materials 

Cell culture media and supplements were from Specialty 
Media (Lavallette, NJ) . Cell culture plates (150 mm and 
96 -well microtiter) were from Corning (Coming, NY) . 

10 Sf9, Sf21, and High Five insect cells, as well as the 
baculovirus transfer plasmid, pBlueBacIII™, were 
purchased from Invitrogen (San Diego, CA) . TMN-FH 
insect medium complemented with 10% fetal calf serum, 
and the baculovirus DNA, BaculoGold™. was obtained from 

15 Pharmingen (San Diego, CA.) . Ex-Cell 400™ medium with 
L-Glutamine was purchased from JRH Scientific. 
Polypropylene 96 -well microtiter plates were from Co- 
star (Cambridge, MA) . All radioligands were from New 
England Nuclear (Boston, MA) . Commercially available 

20 NPy and related peptide analogs were either from Bachem 
California (Torrance, CA) or Peninsula (Belmont, CA) ; 
[D-Trp"]NPY and PP C- terminal fragments were 
synthesized by custom order from Chiron Mimotopes 
Peptide Systems (San Diego, CA) . Bio-Rad Reagent was 

25 from Bio-Rad (Hercules, CA) . Bovine serum albumin 
(ultra-fat free, A-7511) was from Sigma (St. Louis. 
MO) • All other materials were reagent grade. 
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BZPERIMENTAL RSSX7LTS 

In order to clone a rat hypothalamic "atypical" NPY 
5 receptor subtype, applicants used an expression cloning 
strategy in COS- 7 cells (Gearing et al, 1989; Kluxen et 
al, 1992; Kiefer et al, 1992). This strategy was 
chosen for its extreme sensitivity since it allows 
detection of a single "receptor positive" cell by 

10 direct microscopic autoradiography. Since the 
"atypical" receptor has only been described in feeding 
behavior studies involving injection of NPY and NPY 
related ligands in rat hypothalamus (see introduction) , 
applicants first examined its binding profile by 

15 rvmning competitive displacement studies of "*I-PYY and 
"^I-PYY3.3fi on membranes prepared from rat hypothalamus. 
The competitive displacement data indicate: 1) Human PP 
is able to displace 20V of the bound "*I-PYY with an 
IC50 of 11 nM (Fig. 1 and Table 2) . As can be seen in 

20 table 5, this value does not fit with the isolated rat 
Yl, Y2 and Y4 clones and could therefore correspond to 
another NPY/PYY receptor subtype. 2) [Leuji, Projj NPY 
(a Yl specific ligand) is able to displace with high 
affinity (IC50 of 0.38) 27% of the bound "^I-PYYj.jg 

25 ligand (a Y2 specific ligand) (Fig. 2 and table 2). 
These data provide the first evidence based on a 
binding assav that rat hypothalamic membranes could 
carry an NPY receptor subtype with a mixed Y1/Y2 
pharmacology (referred to as the "atypical" subtype) 

30 which fits with the pharmacology defined in feeding 
behavior studies. 
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TABLE 2t Pharmacological profile o£ the rat 
hypothalaaius • 

Binding data reflect competitive displacement of "^l- 
pyy and ^"l-PYYj.ag from rat hypothalamic membranes. 
5 Peptides were tested at concentrations ranging from 
0.001 nM to 100 nM unless noted. The IC50 value 
corresponding to 50% displacement, and the percentage 
of displacement relative to that produced by 300 nM 
human NPY, were determined by nonlinear regression 
10 analysis. Data shown are representative of at least 
two independent experiments. 



TABZiE 2 



20 



Peptide 


ICso Values, nM (% NPY-produced 

displacement) 


WSj.pyy 


"5I-PYY3.JS 


human NPY 


0.82 

(100%) 


1.5 (100%) 


h\junan NPYj.jj 


2.3 
(100%) 


1.2 (100%) 


human 

[Leu", Pro"] NPY 


0.21 (44%) 
340 (56%) 


0.38 (27%) 
250 (73%) 


human PYY 


1.3 
(100%) 


0.29 (100%) 


human PP 


11 (20%) 


untested 



Based on the above data, a rat hypothalamic cDNA 
library of 3 x 10* independent recombinants with a 2.7 
kh average insert size was fractionated into 450 pools 
of -7500 independent clones. All pools were tested in 
a binding assay with "'I-PYY as previously described 
(U.S. Serial No. 08/192/288). Seven pools gave rise to 
positive cells in the screening assay (#'s 81, 92, 147, 
246, 254, 290. 312). Since Yl, Y2, Y4 and Y5 receptor 
subtypes (by PCR or binding analysis) are expressed in 
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rat hypothalamus, applicants analyzed the DNA of 
positive pools by PCR with rat Yl, Y2 and Y4 specific 
primers. Pools # 147. 246, 254 and 312 turned out to 
contain cDNAs encoding a Yl receptor, pool # 290 turned 
5 out tocontain cDNA encoding a Y2 receptor subtype, but 
pools « 81 and 92 were negative by PCR analysis for Yl, 
y2 and Y4 and therefore likely contained a cDNA 
encoding a new rat hypothalamic NPy receptor (Y5) 
Pools # 81 and 92 later turned out to contain an 
10 identical NPY receptor cDNA. Pool 92 was subjected to 
sib selection as described in U.S. Serial No 
08/192,288 until a single clone was isolated 
(designated CG-18) . 

15 The isolated clone carries a 2.8 kb cDNA. This cDNA 
contains an open reading frame between nucleotides 779 
and 2146 that encodes a 456 amino acid protein. The 
long 5' untranslated region could be involved in the 
regulation of translation efficiency or mRNA stability. 
20 The flanking sequence around the putative initiation 
codon does not conform to the Kozak consensus sequence 
for optimal translation initiation (Kozak, 1989, l99i) . 
The hydrophobicity plot displayed seven hydrophobic, 
putative membrane spanning regions which makes the rat 
25 hypothalamic Y5 receptor a member of the G-protein 
coupled superfamily. The nucleotide and deduced amino 
acid sequences are shown in Figures 3 and 4, 
respectively. Like most G-protein coupled receptors,' 
the Y5 receptor contains consensus sequences for N- 
30 linked glycosylation in the amino terminus (position 21 
and 28) involved in the proper expression of membrane 
proteins (Kornfeld and Komfeld, 1985) . The Y5 
receptor carries two highly conserved cysteine residues 
in the first two extracellular loops that are believed 
35 to form a disulfide bond stabilizing the functional 
protein structure (Probst et al, 1992) . The Y5 
receptor shows 9 potential phosphorylation sites for 
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protein kinase C in positions 204, 217, 254, 273, 285 
^01, 328, 33e and 40S,. and 2 c*MP- «.d =<»":^«P^f 
protein kinase phosphorylation sit., in P"""'"* 

370. It Should be noted that 8 of these 11 
S potential phosphorylation sites ^^-"'^ ^^^^^ 
third intra-cellular loop, two in the second intra 
oellular loop and one in the carboxy terminus of the 
receptor and could, therefore, play a role in 
regulating functional characteristics J"; « 
„ re!^tor (Probst et al, 1992, . In addition, t^e rat « 
reciter carries a leucine .ipper .otif in its first 
putative transmerO^rane dc^in (Landschulz et al^ 1988K 
I tyrosine kinase phosphorylation site is found in the 
middle of the leucine zipper. 

" Localization studies (see below, show that the V5 ^ 
Tpreselt in several area, of the rat hippocampus. 
::sl"ra co^arabl. localization in human brain 

^lant. .creened a hum«. hippocampal cDNA library as 
applicant, scr.. oe/192,288 with rat 

" ^teoTide primers which -ere shown to yield a OK. 
olxgonucxeoui y a PGR reaction run on 

band of the expected size n a PO. r ^^^^^ 
human hippocampal cDNA (C. Geraia, y 
«sultsl Osing this PCR screening strategy (Gerald et 
„ Tl 199V ="^i«ed for publication, . three positive 
25 al, 1994, one of these pools was analyzed 

ruft^era rriated clone -as purified by sib 

rererti;n. The isolated clone -"'J— ^^re 
= full length cDNA cloned in tne corre 

„e -"T- „ „„ptor, the human sequence 

T^t 1% nucleotide identity .Fig. 7A to 7E, and 
Shows 84.1% nucieo 
35 87.2* amino acid identity (Fxg^JF and ) 
protein sequence is one amxno ac.d long 
end of both atnino and carboxy taxis of the P 
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■ ^ i-rosenc in the buinn homolog. All 
putative transn»„*,r«,e domai™ and extra celluaar l^n 
regions are highly conserved (Pig 4 ^ 

— — -re^^oteTtorch cL-rr- 

When the human and rat Y5 -rt^n^^i-^ 

compared to other NPY lj\ sequences were 

B humane protein coupled ""^"^"^ °" "^^^^ 

anH ^ coupled receptor subtypes, both overall 

and transmembrane domain identities are verT 
sho„ ,,,, ^3 ^^^^^^^^ ^^^^^ not TloseT; 

related to any other previously characterized cDNAs 
Even among the human NPY receptor family Yl Y2 V4 
and Y5 members show unusually low levels If • 
identity (Pig. SA through SC) ""'"^ 
TABIDS, ^^IStr^^^r^,^^,^^^^^^^ 

other human KPy receptor subtype. ^ other 
huiBan G-proteia coupled receptors 

Receptor pubfyna _% tm i^.n^j^^. 



Y-4 
Y-2 
Y-1 



40 

42 



30 MUSGIR 



DroNPY 



32 



Beta-1 

Endothelin-1 30 

Dopamine D2 ,9 

''^ Adenosine A2b 00 

Subst K ;J 

Alpha -2A „ 

5-HTlDalpha ii 

Alpha-lA II 

40 iL-8 *f 

5-HT2 3! 

Subst P 
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[j^rfhem blot analvBis 

Using the rat Y5 probe, northern hybridizations reveal 
a strong signal at 2.7 kb and a weak band at 8 kb in 
rat whole brain. A weak signal is observed at 2.7 kb in 
testis. No signal was seen in heart, spleen, lung, 
liver, skeletal muscle and kidney after a three day 
exposure {Figure 16A) . This is in good agreement with 
the 2.7 kb cDNA that we isolated by expression cloning 
from rat hypothalamus and indicates that our cDNA clone 
is full length. The 8 kb band seen in whole brain 
probably corresponds to unspliced pre-mRNA. 



With the human YS probe, northern hybridizations 
(Figures 16B and 16C) showed a strong signal at 3.5 kb 
15 with a much weaker band at 2.2 and 1.1 kb in caudate 
nucleus, putamen and cerebral cortex, a medium signal 
in frontal lobe and amygdala and a weak signal in 
hippocampus, occipital and temporal lobes, spinal cord, 
medulla, thalamus, subthalamic nucleus, and substantia 
nigra. No signal at 3.5 kb was detectable in cerebellum 
or corpus callosum after a 48 h exposure. It should be 
noted that Clontech's MTN II and III blots do not carry 
any mRNA from hypothalamus, periaquiductalgray, 
superior colliculus and raphe. 

Southern blot analysis on human genomic DNA reveals a 
unique band pattern in 4 of the 5 restriction digests 
(Figure 17A) . The two bands observed in the PstI digest 
can be explained by the presence of a PstI site in the 
coding region of the human Y5 gene. Rat southern 
blotting analysis showed a unique band pattern in all 
five restriction digests tested (Figure 17B) . These 
analyses are consistent with the human and rat genomes 
containing a single copy of the Y5 receptor gene. 



rr\r^rim YS Hamoloa 
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The canine nucleotide sequence obtained to date (PGR 
and 3' RACE products) spans the canine Y5 receptor from 
the first extracellular loop immediately upstream of TM 
III into the 3' untranslated region (Figure 14) . m the 
coding region, this nucleotide sequence is highly 
identical to both the human and the rat sequences (91% 
and 83.3% respectively). The deduced canine Y5 amino 
acid sequence is shown in Figure 15. This amino acid 
sequence is again highly identical to both the human 
and rat ¥5 sequences (94.6% and 89.5% respectively), 
with most amino acid changes located in the 5-6 loop.' 
Therefore the pharmacological profile of the canine Y5 
receptor subtype is expected to closely resemble the 
human and rat Y5 profiles. 



Binding gtryrflog 

The cDNA for the rat hypothalamic Y5 receptor was 
transiently expressed in COS- 7 cells for full 
pharmacological evaluation, "'i-pyy bound specifically 
to membranes from COS-7 cells transiently transfected 
with the rat Y5 receptor construct. The time course 
of specific binding was measured in the presence of 
0.08 nM -I-PYY at 30 "C (Pig. 9). The association 
curve was monophasic, with an observed association rate 
25 (K,,,) of 0.06 min- and a t,,, of 11 min; equilibrium 
binding was 99% complete within 71 min and stable for 
at least 180 min. All subsequent binding assays were 
carried out for 120 min at 30 "C. The binding of "^l- 
PYY to transiently expressed rat Y5 receptors was 
30 saturable over a radioligand concentration range of 0.4 
pM to 2.7 nM. Binding data were fit to a one-site 
binding model with an apparent of 0.29 nM (pK^ =9.54 
± 0.13, n = 4) . A receptor density of between 5 and 10 
pmol/mg membrane protein was measured on membranes 
35 which had been frozen and stored in liquid nitrogen 
(Fig. 10) . Membranes from mock- transfected cells, when 
prepared and analyzed in the same way as those from CG- 
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IB-trcUisfected cells, displayed no specific binding of 
"^I-PYY (data not shown) . Applicants conclude that the 
"sj.pYY binding sites observed under the described 
conditions were derived from the rat Y5 receptor 
5 construct. 

A closely related peptide analog, porcine "'I- 
[Leu",Pro"]PYY, also bound specifically to membranes 
from COS-7 cells transiently transfected with rat YS 

10 receptor cDNA- The time course of specific binding was 
measured at room temperature in both standard binding 
buffer ( [Na*l - 10 mM) and isotonic binding buffer 
([Na*l = 138 mM) using 0.08 nM nM [Leu", Pro^*] PYY 

nM (Figure 18) . The association curve in 10 mM [Na*] 

15 was monophasic, with an observed association rate 
(Kob.) of 0.042 min'^ and a t^/j of 17 min; equilibrium 
binding was 99% complete within 110 min and stable for 
at least 210 min (specific binding was maximal at 480 
fmol/mg membrane protein) . The association curve in 138 

20 mM [Na*] was also monophasic with a slightly slower 
time course: (K^^) of 0.029 min"^ and a t^/a of 24 
min.; equilibrium binding was 99% coii5>lete within 160 
min. and stable for at least 210 rain, (specific 
binding was maximal at 330 fmol/mg membrane protein) . 

25 Note that the specific binding was reduced as [Na*] was 
increased; a similar phenomenon has been observed for 
other G protein coupled receptors and may reflect a 
general property of this receptor family to be 
modulated by Na* (Horstman et al., 1990). Saturation 

30 binding studies were performed with "^I- [Leu^\ Pro^*] PYY 
in isotonic buffer at room temperature over a 120 
minute period- Specific binding to transiently 
expressed rat Y5 receptors was saturable over a 
radioligand concentration range of 0.6 pM to 1.9 nM. 

35 Binding data were fit to a one-site binding model with 
an apparent of 0.072 nM (pKd = 10.14 + 0.07, n = 
2) . A receptor density of 560 ± 150 pmol/mg on 
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membranes which had been frozen and stored in liquid 
nitrogen. That "'I- [Leu".Pro"] PYY can bind to the rat 
YS receptor with high affinity at room temperature in 
isotonic buffer makes it a potentially useful ligand 
for characterizing the native Y5 receptor in rat 
tissues using autoradiographic techniques . Care must 
be taken, however, to use appropriate masking agents to 
block potential radiolabeling of other receptors such 
as Yl and Y4 receptors (note in Table 5 that rat Yl and 
Y4 bind the structural homolog [Pro"] PYY) . Previously 
pxxblished reports of [Leu", Pro'*] PYY as a Yl- 

selective radoligand should be re-evaluated in light of 
new data obtained with the rat YS receptor (Dumont, et 
al. , 1995) . 



The pharmacological profile of the rat Y5 receptor was 
first studied by using pancreatic polypeptide analogs 
in membrane binding assays. The rank order of affinity 
for selected compounds was derived from competitive 
displacement of "'I-PYY (Pig. n) . The rat Y5 receptor 
was compared with cloned Yl. Y2, and Y4 receptors 
from human (Table 4) and rat (Table 5), all expressed 
transiently in COS-7 cells. One receptor subtype 
absent from our panel was the Y3, human or rat, as no 
25 model suitable for radioligand screening has yet been 
identified. 



TABLE 4: Pharmacological profile of the rat Y5 
receptor vs. Y-type receptors cloned from human. 

Binding data reflect competitive displacement of 
PYY from membranes of COS-7 cells transiently 
expressing rat Y5 and human subtype clones. Peptides 
were tested at concentrations ranging from 0.001 nM to 
1000 nM unless noted. IC50 values corresponding to 50% 
displacement were determined by nonlinear regression 
analysis and converted to values according to the 
Cheng-Prusoff equation. The data shown are 



-89- 

representative of at least two independent experiments. 
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TABLB 4 





Peptide 




Kj Values (nM) | 




Sat T5 


Human 
Y4 


1 Human 
Yl 


1 Human 1 
1 1 


5 


1 rat /human 
NPy 


0.68 


2.2 


0.07 


0.74 1 




1 porcine 
NPY 


0.66 


1.1 


0.05 


0.81 1 




1 human 


0.86 


16 


1 3.9 


2.0 1 


10 


1 porcine 


1.2 


5.6 


2.4 


1.2 1 




1 porcine 


73 


38 


60 


2.5 j 


15 


1 porcine 

Npy„.3« 


> 1000 


304 


> 1000 


380 1 




porcine 
C2-NPy 


470 


120 


1 79 


3.5 j 


20 


human 
[Leu", Pro 
^•JNPY 


1.0 


1.1 


0.17 


> 130 1 




human [D- 
Trp"] NPY 


53 


> 760 


> 1000 


> 1000 




human NPY 
free acid 


480 


> 1000 


490 


> 1000 f 


25 


rat/porci 
ne PYY 


0.64 


0.14 \ 


0.35 


1.26 1 




human PYY 


0.87 


0.87 1 


0.18 


0.36 1 




human 
PYY3.3. 


8.4 


15 1 


41 


0.70 J 


30 


human 


190 


46 1 


33 


1.5 1 




human 
[Pro**] PYY 


0.52 


0.12 T 


0.14 


> 310 1 




human PP 


5.0 


0.06 j 


77 


> 1000 


35 


human PPj. 

36* 


not 
tested 


0.06 


> 40 


> 100 
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human 

PPlJ-36* 


not 
tested 


39 


> 100 


> 100 


rat PP 


180 


0.16 


450 


> 1000 


salmon PP 


0.31 


3.2 
no nM. 


0.11 


0.17 
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TABLE 5: Pharmacological profile of the rat Y5 
receptor va. Y-type receptors cloned from 



rat. 



10 



15 



Binding data reflect competitive displacement of "^j. 
PYY from membranes of cos-7 cells transiently 
expressing rat YS and rat subtype clones. Peptides were 
tested at concentrations ranging from O.OOl nM to looo 
nM. IC„ values corresponding to 50% displacement were 
determined by nonlinear regression analysis and 
converted to values according to the Cheng-Prusof f 
equation. The data shown are representative of at least 
two independent experiments. Exception: new peptides 
(marked with a double asterisk) were tested in one or 
more independent experiments. 



TABLE 5 



20 



25 



30 



35 



Peptide 




Ki Values (nM) 


Rat YS 


Rat Y4 


Rat Yl 


Rat y2 


rat /human 
NPY 


0.68 


1.7 


0.12 


1.3 


porcine NPY 
** 


0.66 


1.78 


0.06 


1.74 


frog NPY ♦* 

(melanostati 

n) 


0.71 




0.09 


0.65 


human NPY^.a^ 


0.86 


5.0 


12 


2.6 


porcine 
NPY,.3, ** 


1.1 


18 


... 


1.6 


porcine 
NPY3.3, 


7.7 


36 


91 


3.7 


porcine 

NPY,3.36 


73 


140 


190 


31 


porcine 
NPY„.3e 


260 


200 


140 


35 


porcine 
NPY,B.36 


> 1000 




470 


12 
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The rat Y5 receptor possessed a unique pharmacological 
profile when compared with human and rat Y-tyne 
receptors. It displayed a preference for structural 
analogs of rat/human NPY (k, .0.68 nM) and rat/porcine 
PYY (K, = 0.64 nM) over most PP derivatives. The high 
affmxty for salmon PP (k, = o.3l nM) reflects the 
close similarity between salmon PP and rat NPY, sharing 
81% of their amino acid sequence and maintaining 
Identity at key positions: Tj^r^, Gin", and Tyr". Both 
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N- and C-terminal peptide domains are apparently 

Lortant for receptor recognition. The N-termxnal 
important t f ^^^^^^^ ^^^^^^^ ^ 

Z7:::JI Z a«initv <K. . O.. nM .or 

appreciaoic ••■ , „ *«^-!Tial deletion was 

MDv ^ but further N-terminai aeu.tsi.x'-'* 
5 rat/human NPYa.,«» ' ^^'^'^ . ^j^is 

. ,v - 73 nM for porcine NPYis-aeJ • -i"-^" 
disruptive (Ki - 73 nn xo f receotor 
oattem places the binding profile of the Y5 
patcero -receotor (which 

rr^f the Yl receptor (which receptor is sen»«ive to 
10 that of the Yl recept /..i.tion) Hote that 

even a single-residue N-teiminal . 

the human Y4 receptor can he <^-"^^^j'"""''^„l^, 

u.,«,=.r, PP 0 06 nM for human PPjos' 
n 06 nM for human Pr, u.uo lu* * , ^ . vt 

pp ) The Y5 receptor resembled both Yl 
""rYrrcrpt'or • In ti;.rance .or Ug«.as 

15 and Y4 receptw* r, ^,.3i pro"'NPY, human 

which binds both human and rat PP wi . 

M Hvdrolvsis of the carboxy terminal amide to 
nM. Hydrolysis disruptive 

carboxylic acid, as in "^^^ ^K, » 480 

for binding affinity for the rat Y5 r P^ 

,c nM> The terminal amide appears to be a c 

25 nM). Tne oancreatic polypeptide 

structural requirement for pancre 

family/receptor interactions. 

several peptides shown previously to stimulate feeding 
Severaj. receptor with Ki 

30 behavior in rats bound to the rat Y5 r p 

< 5.0 nM. These include rat/human NPY (K, 0 

. nw (K = 0 64 nM). rat/human NPY^.j^ (Ki - 
rat/porcine PYY (K, ' (j, = l . 0 nM) . and 

0.86 nM). rat/human li.u».ProMNPY (K, 

iir - 5 0 nM) . conversely, peptiae:. 
human PP (K. - 5.0 ^ orexigenic agents 

35 were -la-velV le s e«e- ^^^^ ^^^^^^^ 

bound weaKly to CG 18 . Th ^^^^ 
« 73 nM), porcine C2-NPY i^. 
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fre. acid ,k. . 480 nM) . The rank order of value, .re 
« .gr,««„t „ith rank order, of potency a^d '"""v 

itectr:"" pepud": ::r 

•1.. 1991, Stanley et .1., 1992) . Ihe rat Y5 receotor 
.1.0 displayed ™^rate binding .ttini.y Z ^ 
Trp»)NPy ,K. . 53 ^jjj^ rep!«ed to 

> To foil , ' "°'="°«l-y that ID.Trp»,NPy 

i 10-fold selective for CG-18 over the other clon.d 
receptors studied, whether hu^n or rat. ^hese L". 
Clearly and definitively link the cloned V5 reoeptoHo 
the feeding response. 

15 

ae CDKA corresponding to the hu»an V5 homolog isolated 

"-."ansiently e^essed „ 

20 saturable over a radioligand ccnc„tration range of e 
PH to 1.8 n«. Binding data were fit to a o^-Iif 
binding ^del with an apparent K, of o.io nH^n the 
first experiment. Repeated te.ting yielded an apparent 
K, of 0.18 nM (pK. . S.7S . 0.11 n . 4) a 

25 recani-nv ^ ".ii, n • 4) . A inaxinum 

receptor density of 500 f„ol/mg membrane protein was 
on fresh .^^ranes. A. determined by usl 
Peptide analog, within the pancreatic polv^eptid! 
family, the hu^n V5 pharmacological profile Tears a 
30 ZT^r " " --Pt- (Tables . 



wo 96/16542 



PCTAJS9SnS646 



-97- 



10 



15 



TABLB 6: Pharmacological profile of the rat Y5 

TABU o receptor VB. the human YS receptor, as 

expressed both transiently in COS- 7 and 

stably in LM(tk-) cells. 

Binding data reflect competitive displacement of 
radioligand (either "^I-PYY or "^I-PYYa.,. as indicated) 
from membranes of COS-7 cells transiently expressing 
the rat Y5 receptor and its human homolog or from 
LM(tk-) cells stably expressing the human Y5 receptor. 
Peptides were tested at concentrations ranging from 
0 001 nM to 1000 nM. IC50 values corresponding to 50% 
displacement were determined by nonlinear regression 
analysis and converted to K, values according to the 
Cheng-Prusof f equation. New peptides are marked with 
a double asterisk. 
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TABLB 6 



Peptide 



rat /human 
NPY 



porcine 
NPY ** 



human 
NPYj.jfi 



porcine 
NPY 



porcine 

NPYi,.36 



porcine 
NPY,e-36 ** 



Ki Values (nM) 



Rat Y5 
(COS- 
7, 

PYY) 
0.68 



0.B6 



0.66 



73 



260 



Human 

Y5 
(COS-7, 

PYY) 

0.15 



0.68 



0.33 



0.58 



110 



300 



Human 
Y5 

(LM(tk- 
). 

PYY) 
0.89 



1.4 



1.6 



Human 

Y5 

(LM(tk- 
PYYjo*) 



0.65 



0.51 



1.2 



39 



180 
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Peptide 




Ki Values (nM) 




Rat YE 

(COS- 
7, 

PYY) 


» Human 
1 

(COS-7, 
( PYY) 


Human 
Y5 

(LM(tk- 
). 
1 PYY) 


Human 
Y5 

(LM(tk- 
), 

PYY3.3J 




porcine 


> 1000 


1 > 1000 








porcine 


> 1000 


1 > 1000 






5 


human 
[Leu", Pro 

NPY 


1.0 


1 0.72 


3.0 




10 


human 
[Leu", Pro 

NPY ** 






2.4 


1.4 


15 


human NPY 

free acid 
** 


> 610 


> 840 








porcine 
C2-NPY 


260 


370 


260 


220 




human [D- 
Trp"]NPY 


35 


35 1 


16 


10 


20 


rat/porci 
ne PYY 


0.64 1 


0.75 1 








human PYY 
** 


0.87 1 


0.44 1 


1.3 


0.43 


25 


human 


8.4 1 


17 J 


8.1 


1.6 




human 
[Pro^^jPYY 


0.52 r 


D "iA 1 
w . 1 


1 . 7 






human PP 


5.0 j 


1.7 1 


3.0 


1.2 


30 


human PP^ 

36 ** 




2.1 1 








human 
PPi3-36 ♦* 


290 


720 1 
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Ki Values (nM) 




Peptide 


Rat Y5 
(COS- 
1. 

125 J _ 

PYY) 


Human 

Y5 
(COS- 7, 

1251 . 

PYY) 


Human 
Y5 

(LM(tk- 

). "'I- 
PYY) 


Human 
Y5 

(LM(tk- 
PYY,.,J 


human 


^ in 
> iu 

000 


> 10 
000 




41 000 


human 
[lie ,K9xn 

PP ♦* 




2.0 






bovine PP 
** 


8.4 


1.6 


7.9 


5.0 


rat PP 


230 


630 




130 


1 salmon PP 


0.33 


0.27 




0.63 
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TMLB 7: Phar»acologic»l profile of tho human Y5 
receptor vs. Y-type receptors cloned from huaan. 

Binding data reflect competitive displacement of "'i. 
PYY from membranes of cos-7 cells transiently 
expressing human Y5 other sub-type clones. Peptides 
were tested at concentrations ranging from 0-001 nM to 
1000 nM unless noted, ic^ values corresponding to 50% 
displacement were determined by nonlinear regression 
analysis and converted to K, values according to the 
Cheng-Prusoff equation. The data shown are 
representative of at least two independent experiments. 



TABLE 7 



15 


Peptide 




K. Values (nM) 




Human 
Y5 


Human Y4 


Human 
Yl 


Human 
Y2 




rat/human NPy 


0.46 


2.2 


0.07 


0.74 




porcine NPY 


0.68 


1.1 


0.05 


0.81 




human NPYg.j^ 


0e75 


16 


3.9 


2.0 


20 


porcine NPYj.j^ 


0.58 


5,6 


2.4 


1.2 




porcine NPY^j.j^ 


110 


38 


60 


2.5 




porcine NPY^^.j^ 


> 1000 


304 


> 1000 


380 




porcine C2-NPY 


370 


120 


79 


3.5 


25 


human 

[Leu^\pro'*]NPY 


1.6 


1.1 


0. 17 


> 130 




human [ D- 
Trp^2]NPY 


35 


> 760 


> 1000 


> 1000 




human NPY free 
acid 


> 840 


> 1000 


490 


> 1000 


30 


rat/porcine 
PYY 


0.58 


0.14 


0.35 


1.26 




human PYY 


0.44 


0,87 


0.18 


0.36 




human PYYj.j^ 


17 


15 


41 


0.70 
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tuc 




35 



Tests were initially DerforT«l^\ "'^"^^^ ^^llii 

hvs receptor. In/ectC '.^ sm" V''""'"' 
cell, with hY58B3 viru, at ! T.'- , " 
OOl) Of S ^dprepat^oT t, ""^'^^"=''1' °f infection 

at « .o„3 pcrt?x=TLT^'rer;r 

to 820 f^iee/^ Prctet "?th the^'h" 
expression being hVSBBa in St21 cell^ Th«!f 
next series of experiments used S£ rceU. T' """^ 
examined optical multiplicity of i„ ect 1 "Z 
ratio of vImT r>-»v.*-4-.T iwux, cne 

s and T it:'::: ^'"^^ ^ '-"-^ °^ ^. 

protein for any Of t^M"!"" """^ " ' ^^"^'^ 
the nu*er of vlrll r'^'^""^ increasing 

aeleterious nor "l/taX^ "sVcf 
calculations are approxij,./^ use ^.-r" 
experiments. The laAi- ^ future 
postinfection f« p^t.in " "^^ """^ 

« hours post nfertlr ^^T' T"*'"^ 
expre^sion occurred hoi 'rinf'e«ion""T 

summary, we have created a hvi: ^ PJ'^intection. m 

Which hinds -i-p " r 

protein. « B_ of .1.2 pmoles/mg 

Xn^ected .Sf2i Tn.^^. r..^^:^''^^^^^^^ 
Sf2l cells infected wi^K » u 

construct were ha^ested as t""" " --culcvirus 
screened for speci^c hind^T^Tpv^""^^""^^ 
radioligand. Specific .indin/wi: grlrst"": 
.e^rane protein, for sa^le n-./,,,. .r.^^^ 
21 cells. Bo specific binding was observed after 
^nfectaon with the baculovirus plasmid alone (la " 
shown) . If we make the assumption that the ^ ^ 
affinity Of porcine ".l-pyy tha h 

^« ^t- J- ^11 ror the human Y5 recento-r 

« th. same Whether the expression system is c^sTL 
baculov.rus/sf.« ,o.ie ^, , .^.^^^^^ - 



PCTAIS9M5646 

WO 96f 16342 

-103- 

ea^Xe O-./ lO predict, an apparent ^ of «00 f»>l/n« 
„elrane protein. The VS """""^ J^^^^^^ ^ 
ba=ulovirua/Sf21 expression system xs " 

- r " s'": I'^JueitivT "r.rction 

Terr^ra^rto .ar^ ^.=. P-ction o. the 



human Y5 receptor 




" L r a rvT^ ceptor was stably 

^' ft . Into .S3 cells lich were pre-s=r.ened for 
transfected xnto 293 eel ^ ^^^^^ ^ 

ri^er co-transfection with the rat YS cOH. plus 
shown) . After CO tra ..lection with G-41B, 

IS - °-"»-'""rnr.s «r. .=" el as me™ 
surviving colpnies «•» '"= , ™y „i„a 0 .08 

,0 T:^.J^o. further study in functional assays. 

vc; T-eceDtor was Stably 
The CDNA for the human Y5 recept 

-*«r.red into both NIH-3T3 and LM(tlc ) cexx 
transfected into « absence of 

of which were pre-screened for the 

.fic «^1-PYY binding (data not shown). After co 
25 specific 1 ^ „ cDNA plus a G-418- 

»#*.^^ion with the human Y5 cdna pj-u 
transfection w ^.^h ^.418. surviving 

resistance /^^^^^^^ homogenates for 

colonies were --^f^ ^ ,3 ^ radioligand, 

specific --^^^^^^ , J ,2SI-PYV/mg men^rane 

30 NIH.3T3 ^^^^i;i^_^Zne #7 bound 32 fmol -I-PW/mg 
protein and L« tK ) cl ^^^^^^ ^^^^ ^^^^^^^^ ^ 

"'T'characte- in binding and cAMP functional 
'"'T TthTrd cxone which bound 25 fmol/mg membrane 
assays. A thira „,iuated in calcium 



35 protein, 

mobilization assays 



IM(tk-) #3, was evaluated 
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The human Y5 stablv evnr-oec»^ • 

s«^ expressed in N1H-3T3 cells fclone 

#8) was further characterized in ^. 

assays using i^i-pyy le ' " *>in<Jlng 

' ^ ^^'^ binding was saturable over a 

concentration range of o 4 «m , « 
5 were fit , , 1-9 nM. Binding data 

were fit to a one-slte binding aodel with an apparent 
K. Of 0.30 „M (pK, - 9.53, n . 1, and an apparent B of 
2100 f„ol/K^ „e»brane protein using fresmiants 



The human Y5 stably expressed in iM(tk-) cells .oi 
10 #7) va«5 f^ii^4-K«*. w ; ceils (clone 

ZLT m in saturation blnaina 

assays us>„, -x-PVV, -i-pvv^^, f^J' 

b.naxng was saturable according to a »-sit. ,odel o^r 
a concentration range of 0.4 p„ to 1., „„, w^Tan 
apparent K, of 0.4, nM (pK, . ,.3. . 0.07, n = fa^a 

Wh«, membrane, had been frozen and stored l„ li^ll 
nitrogen Peptide K, values derived fro^ » v 
binding to human V5 receptors from i«(tk-, Zl 
comparable to those derived fro. 
20 described human and rat »V . Previously 

6) «>i.p,v h . •'^"sslon systems (Table 

6) . I PYV,.^ binding to the human V5 in Ufltk-) c.ll= 
was also saturable according to a 1-slte ..LeVov^r ^ 
concentration range of o.s pM to a.o. nM, wl^ 
apparent K, of 0.40 nM (pK . 9 40 n 

2! apparent B of 490 f.ow ' ' 

— °' f»ol/mg membrane protein wh.n 

»e*r.nes had been frozen and stored in \itZ 
nitrogen. Peptide Ilgands appeared to bind 'itt 
comparable affinity to human V5 receptors in^.r..' 
cell, Whether the radioligand used was ^l-Pw " " ' 

ILel "="^1'" »° » 1-site 

model over a concentration range of 0.4 pM to 1 19 

with an apparent of o.aa and an apparL B. of Tso 
fmol/m, membrane protein when membranes had bern froze" 
35 and stored in liquid nitrogen. 

considering the saturation binding studies for the 
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human and rat Y5 receptor homologs as a whole, the data 
provide evidence that the Y5 receptor is a target for 
multiple radioiodinated peptide analogs in the 
pancreatic polypeptide family, including "^I-PYY, 
5 NPy. "'I-PYY,.„, and tLeu",Pro-] PYY- The so-called 
Yl and Y2 -selective radioligands such as 
tLeu",Pro'*lPYY and"»I-PYY,.„, respectively (Dumont, et 
al., 1995) should be used with caution when probing 
native tissues for Y-type receptor expression. 

10 

PYtgJi fintides 

For a given G protein- coupled receptor, a portion of 
the receptor population can typically be characterized 
15 in the high affinity ligand binding site using 
discriminating agonists. The binding of GTP or a non- 
hydrolyzable analog to the G protein causes a 
conformational change in the receptor which favors a 
low affinity ligand binding state. We investigated 
20 whether the non-hydrolyzable GTP analog, Gpp(NH)p. 
would alter the binding of "*I-PYY to Y5 in COS-7 and 
LM(tk-) cells (Fig 19)- "''I-PYY binding to both human 
and rat Y5 receptors in COS-7 cells was relatively 
insensitive to increasing concentrations of Gpp(NH)p 
25 ranging from l nM to 100 mM. The human Y5 receptor in 
LM<tk-) cells, however, displayed a concentration 
dependent decrease in radioligand binding (-85 fmol/mg 
membrane protein over the entire concentration range) . 
The difference between the receptor preparations could 
30 be explained by several factors, including 1) the types 
of G proteins available in the host cell for supporting 
a high affinity receptor-agonist complex, 2) the level 
of receptor reserve in the host cell, and 3) the 
efficiency of receptor/G protein coupling, and 4) the 
35 intrinsic ability of the agonist (in this case, I- 
PYY) to distinguish between multiple conformations of 
the receptor. 
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Functional Ass^^y 

Activation of all Y-type receptors described thus far 
is thought to involve coupling to pertussis toxin- 
sensitive G-proteins which are inhibitory for adenylate 
cyclase activity (G, or GJ (Wahlestedt and Reis, 1993) . 
That the atypical Yl receptor is linked to cyclase 
inhibition was prompted by the observation that 
pertussis toxin inhibited NPY-induced feeding in vivo 
(Chance et al., 1989); a more definitive analysis was 
impossible in the absence of the isolated receptor. 
Based on these prior observations, applicants 
investigated the ability of NPY to inhibit forskolin- 
stimulated cAMP accumulation in human embryonic kidney 
293 cells stably transfected with rat Y5 receptors. 
15 Incubation of intact cells with 10 mM forskolin 
produced a 10-fold increase in cAMP accumulation over 
a 5 minute period, as determined by radioimmunoassay. 
Simultaneous incubation with rat/human NPY decreased 
the forskolin-stimulated cAMP accumulation by 67% in 
20 stably transfected cells (Fig. 12), but not in 
untransfected cells (data not shown). Applicants 
conclude that the rat Y5 receptor activation results in 
decreased cAMP accumulation, very likely through 
inhibition of adenylate cyclase activity. This result 
25 is consistent with the proposed signalling pathway for 
all Y-type receptors and for the atypical Yl receptor 
in particular. 

Peptides selected for their ability to stimulate 
30 feeding behavior in rats were able to activate the rat 

Y5 receptor with EC^^ < 10 nM (Kalra et al., 1991 ; 

Stanley et al., 1992; Balasubramaniam et al., 1994). 

These include rat/human NPY (EC50 = 1.8 nM) , rat/human 
(ECjo = 2.0 nM), rat/human tLeu",Pro'*]NPY (EC 
35 = 0.6 nM), rat/porcine PYY (£05^ = 4.0 nM) , and 

rat/human [D-Trp»]NPY (ECjo = 7.5 nM) (Table 8). k, 

values derived from rat Y5-dependent binding of ^»i-pyy 
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and peptide Uganda (Table 5) were in close range of 
EC55 values derived from rat Y5-dependent regulation of 
CAMP accumulation (Table 8) . The maximal suppression of 
CAMP produced by all peptides in Table 6 was between 
5 84% and 120% of that produced by human NPY, except in 
the case of FLRFamide (42%) . Of particular interest is 
the Y5-selective peptide (D-Trp'^jNPy . This is a peptide 
which was shown to stimulate food intake when injected 
into rat hypothalamus, and which also attenuated NPY- 
10 induced feeding in the same paradigm (Balasubramaniam, 
1994). Applicants observed that (D-Trp^^JNPY bound 
weakly to other Y-type clones with K, > 500 nM (Tables 
4 and 5) and displayed no activity in functional assays 
(Table 10). in striking contrast, [D-Trp'2]NPY bound to 
the rat Y5 receptor with a K, = 53 nM and was fully 
able to mimic the inhibitory effect of NPY on 
forskolin-stimulated cAMP accumulation with an EC50 of 
25nm and an E^, - 72%. That [D-Trp'2]NPY was able to 
selectively activate the Y5 receptor while having no 
detectable activity at the other subtype clones 
strongly suggests that Y5 receptor activation is 
responsible for the stimulatory effect of [D-Trp«]NPY 
on feeding behavior in vivo. 



15 



20 



25 



TABLE 8: Functional activation of the rat Y5 
receptor. 

Functional data were derived from radioimmunoassay of 
CAMP accumulation in stably transfected 293 cells 
stimulated with 10 fiK forskolin. Peptides were tested 

30 for agonist activity at concentrations ranging from 
0.03 pM to 0.3 MM. The maximum inhibition of cAMP 
accumulation (E^,) and the concentration producing a 
half-maximal effect (EC,,,) were determined by nonlinear 
regression analysis according to a 4 parameter logistic 

35 equation. New peptides are marked with a double 
asterisk. 
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TABLE 8 





Peptide 




EC50 (nM) 




rat /human NPY 


67 % 


1.8 


5 


porcine NPY *• 




0.79 




rac/nuinan NPij.jg 


84 % 


2.0 




porcine NPY^.j^ 




1.2 


10 


porcine NPYi3.3g 
** 




21 




rat /human 
[Leu^SPro^^jNPY 


70 % 


0.6 




porcine 

[Leu^\Pro'*lNPY 




1.1 




*♦ 




240 




rat /human [D- 
Trp"]NPY 


72 % 


9.5 


20 


rat /porcine PYY 


86 % 


4.0 




human PYY *♦ 




1.5 




human PYY3.36 ♦* 




4.9 




human tPro^^]PYY 
*« 




1.8 


25 


human PP ♦* 




1.4 




bovine PP ♦* 




5.7 



W096n<S42 



Table 8 continued -109- 



Peptide 


E 


EC50 (nM) 


salmon PP ** 




0.92 


rat PP 




130 


PYX-1 •* 




> 300 


pyx-2 •* 




> 300 


FLRFaiaide ** 




13 000 



The ability of the human Y5 receptor to inhibit cAMP 
acc\mulation was evaluated in NIH-3T3 and LM(tk-) 
cells, neither of which display an NPY-dependent 
regulation of [cAMP] without the Y5 construct. Intact 
cells stably transfected with the human Y5 receptor 
were analyzed as described above for the rat Y5 cAHP 
assay. Incubation of stably transfected NIH-3T3 cells 
with 10 uM forskolin generated an average 21-fold 
increase in [cAMP] (n =2). Simultaneous incubation 
with human NPY decreased the forskol in-stimulated 
[cAMP] with an E^^ of 42% and an ECj^ of 8.5 nM (Fig 
20) . The technique of suspending and then replating the 
Y5-transfected LM(tk") cells was correlated with a 
robust and reliable cellular response to NPY-like 
peptides and was therefore incorporated into the 
standard methodology for the functional evaluation of 
the human Y5 in LM(tk-). Incubation of stably 
transfected IM(tk-) cells prepared in this manner 
produced an average 7.4-fold increase in [cAMP] (n = 
87). Simultaneous incubation with human NPY decreased 
the forskolin-stimulated [cAMP] with an E^^ of 72% and 
with an EC^^ of 2.4 nM (Fig 21). The human Y5 receptor 
supported a cellular response to NPY-like peptides in 
a rank order similar to that described for the rat Y5 
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receptor (Table 8, 9) • As the rat Y5 receptor is 
clearly linked by D-Trp32-NPY and other 

pharmacological tools to the NPY-dependent regulation 
of feeding behavior, the human Y5 receptor is predicted 
5 to function in a similar fashion. Both the human and 
receptor homologs represent useful models for the 
screening of compounds intended to modulate feeding 
behavior by interfering with NPY-dependent pathways. 

TABLE 9 1 Fiinctional activation of the human Y5 
receptor in a cAMP radioisnnunoassay. 

Functional data were derived from radioimmunoassay of 
cAMP accumulation in stably transfected LM(tk*) cells 
stimulated with 10 /xM forskolin. Peptides were tested 
for agonist activity at concentrations ranging from 
0.03 pM to 0.3 ^M. The maximum inhibition of cT^P 
accumulation (E^) and the concentration producing a 
half-maximal effect (EC50) were determined by nonlinear 
regression analysis according to a 4 parameter logistic 
equation. 



TMLE 9 



Peptide 


% inhibition 
relative to 
human NPY 


ECso (nM) 


rat /human NPY 


100% 


2.7 


porcine NPY 


107% 


0.99 


rat /human NPY2.36 


116% 


2.6 


porcine NPYa^e 


85% 


0.71 


porcine NPY^j.ag 




49 


rat /human 
[Leu^SPro'']NPY 




3.0 



15 
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15 




20 



25 



^^.o: Binatna ana functional characterisation of 

. „ dala w?re generated as described in Tables 4 
Binding data were g derived from 

S. Functional J^" J^^^^..^^ 
..dioi— aay of ^^^^^ ^^^^ ^ , 
transfected cells activity at 

Trp'MNPY was tested to 3 

concentrations / .l..^^,, „ , single 

r^nrr::; li rJ^an PW concentration curve for 



W096/16S42 



PCT/US9S/1S646 



•112- 



10 



15 



20 



25 



human Yi and human receptors or in ^», 
concentration curve for Lma" Z ;ecel«"" Z 
antagonist activity was de^*..^ ^ u ''**=®P^°"' and 



30 



Trp»,KPV/„EC50/E,:^..-a,. xi,e"aa:r ^KoJ 

TABLE 10 




The .ntracellular free calciu. concentration L 
increased in LMItk-, cells stably transfected with the 

lori'h """" '° °' ""^ 

10 nM hu^an KPV U Ca=- = 34. Pig . „„,,,„3fected 

I«(tk.) cells did not respond to hu^an NPY (data not 

Shown, . The calcium utilization provides a second 

pathway through which Y5 receptor activation can be 

•neasured. These data also serve to link with the y5 



W096/1CS42 



PCTAJS9SnS646 



-113- 

receptor with other cloned human Y-type receptors, all 
of which have been demonstrated to mobilize 
intracellular calcium in various expression systems 
(Fig 21) . 

5 

TiuTTnliTi^ri^" studies 

The raRNA for the NPY Y5 receptor was widely distributed 
in rat brain, and appeared to be moderately abundant 
(Table 11 and Fig. 13) . The midline thalamus contained 

10 many neurons with silver grains over them, particularly 
the paraventricular thalamic nucleus, the rhomboid 
nucleus, and the nucleus reunions. In addition, 
moderately intense hybridization signals were observed 
over neurons in both the centromedial and anterodorsal 

15 thalamic nuclei. In the hypothalamus, a moderate level 
of hybridization signal was seen over scattered neurons 
in the lateral hypothalamus, paraventricular, 
supraoptic, arcuate, and dorsomedial nuclei. In both 
the medial preoptic nucleus and suprachiasmatic 

20 nucleus, weak or moderate accumulations of silver 
grains were present. In the suprachiasmatic nucleus, 
hybridization signal was restricted mainly to the 
ventrolateral subdivision. In the paraventricular 
hypothalamus, positive neurons were observed primarily 
25 in the medial parvicellular subdivision. 
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TABLB lis Distribution of HPY Y5 aRMA In th« Rat OTS 





1 REOIOK 






J Cerebral cortex 


4-1 1 

1 


5 


1 Thalamus 






I paraventricular n. 


4-2 1 
1 




1 rhomboid n. 


4-2 1 




1 reunions n. 


4-2 1 
1 




1 anterodorsal n. 


+2 1 


10 


1 Hypothalamus 






I paraventricular n. 


1 




j lateral hypoth. area 


+ 2 /4.*^ 1 




1 supraoptic n. 


+ 1 1 




j medial preoptic n. 


^2 1 


15 


1 suprachiasmatic n. 






1 arcuate n. 


+2 1 
* 1 




1 Hippocampus 






dentate gyrus 


^1 1 




polymorph dentate gyrus 


+ 9 1 
1 


20 


CAl 


n 1 

U 1 




CA3 


4.1 1 

1 




Amygdala 






central amygd. n. , medial 


^ 1 




anterior cortical amygd. n. 


+2 1 
1 


25 


Olivary pretectal n. 


1 




Anterior pretectal n. 


4-3 i 




Substantia nigra, pars compact a 


+2 1 




Superior colliculus 


■«-2 1 




Central gray 


+2 1 


"in \ 


Koscrai ixnear rapne 


+3 I 




Dorsal raphe 


+1 1 




Inferior colliculus 


+1 1 




Medial vestibular n. 


+2/+3 1 




Parvicellular ret . n . , alpha 


+2 1 


35 


Gigantocellular reticular n., 
alpha 


+2 1 




Pontine nuclei 


+1/+2 1 
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Moderate hybridization signals were found over most of 
the neurons in the polymorphic region of the dentate 
gyrus in the hippocarnpus , while lower levels were seen 
over scattered neurons in the CA3 region. In the 
5 amygdala, the central nucleus and the anterior cortical 
nucleus contained neurons with moderate levels of 
hybridization signal. In the mesencephalon, 
hybridization signals were observed over a number of 
areas The most intense signals were found over 
10 neurons in the anterior and olivary pretectal nuclei, 
periaquaductal gray, and over the rostral linear raphe. 
Moderate hybridization signals were observed over 
neurons in the internal gray layer of the superior 
colliculus, the substantia nigra, pars compacta. the 
15 dorsal raphe, and the pontine nuclei. Most of the 
neurons in the inferior colliculus exhibited a low 
level of signal. In the medulla and pons, few areas 
exhibited substantial hybridization signals. The 
medial vestibular nucleus was moderately labeled, as 
20 was the parvicellular reticular nucleus, pars alpha, 
and the gigantocellular reticular nucleus. 

Little or no hybridization signal was observed on 
sections hybridized with the radiolabeled sense 
25 oligonucleotide probe. More importantly, xn the 
transfected COS-? cells, the antisense probe hybrxdxzed 
only to the cells transfected with the rat YB cDNA 
(Table 12) . These results indicate that the probe used 
to characterize the distribution of YS mRNA in rat 
30 brain is specific for this mRNA. and does not cross- 
hybridize to any of the other known NPY receptor mRNAs. 
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TABLE 12: Hybridization of .nti.«... ollgonuclaotld. 
probes to transfected COS-7 c«11b. 

Hybridization was performed as described in Methods 
The NPY Y5 probe hybridizes only to the cells 
transfected with the Y5 cDNA. MD=not done 



10 





Mock 


rYl 


rY2 


rY4 


rY5 


Oliqp 












rYl 








ND 


ND 


rY2 






+ 






rY4 












rY5 










+ 



15 



20 



25 



30 



IP Y^vo studies with Ys-B>.i^^^f„o — Tnr ~i P in 
The results reported above strongly support a role for 
the Y5 receptor in regulating feeding behavior. 
Accordingly, applicants have synthesized and evaluated 
the binding and functional properties of several 
compounds at the cloned human Yl, human Y2. human Y4, 
and human Y5 receptors. As shown below in Table 13,' 
applicants have discovered several compounds which not 
only bind selectively to the human Y5 receptor but also 
act as Y5 receptor antagonists, as measured by their 
ability to block NPY-induced inhibition of cAMP 
accumulation in forskolin-stimulated LM(tk-) cells 
stably transfected with the cloned human Y5 receptor. 
An example of such a compound is shown in Figure 22. 
Preliminary experiments indicate that compound 28 is a 
Y5 receptor anatagonist. 



35 



Table 13: Evaluation of human Y5 receptor antagonists 

The ability of the compounds to antagonize the Y-type 
receptors is reported as the K,. The K, is derived from 
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the ECs„ or concentration of half -maximal effect, in 
the presence (ECs„) or absence (ECso' ) of compound, 
according to the equation: K, = INPY] / ( (ECs./ECjo' ) -D • 
Results shown are representative of at least three 
indepenent experiments. 
N.D. = Not determined. 
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( 


Binding Affinity 
Kj (nM) vs. "'I-PYY) 




27 


48700 


5280 


63100 


28 


49 


28 


>100, 000 


>75,000 


>100,000 


19,000 


N.D. 



10 



15 



20 



25 



30 



These compounds were further tested using in viv» 
animal models of feeding behavior. Since NPY is the 
strongest known stimulant of feeding behavior, 
experiments were performed with several compounds to 
evaluate the effect of the compounds described above on 
NPY- induced feeding behavior in satiated rats. 

First, 300 pmole of porcine NPY in vehicle (A.c.S.F.) 
was administered by intracerebroventricular (i.e. v.) 
injection, along with i.p. administration of compound 
vehicle (10% DMSO/water) . and the food intake of NPY- 
stimulated animals was compared to food intake in 
animals treated with the vehicles. The 300 pmole 
injection of NPY was found to significantly induce food 
intake (p < 0.05; Student -Newman-Keuls) . 

Using the 300 pmole dose of NPY found to be effective 
to stimulate feeding, other animals were treated with 
the compounds by intraperitoneal (i.p.) administration, 
followed 30-60 minutes later by i.e. v. NPY 
administration, and measurement of subsequent food 
intake. As shown in Table 14, NPY-induced food intake 
was significantly reduced in animals first treated with 
the compounds (p < 0.05; Student -Newman-Keuls ) . These 
experiments demonstrate that NPY-induced food intake is 
significantly reduced by administration to animals of 
a compound which is a Y5-selective antagonist. 



Table 14. NPY-induced cumulative food intake in rats 
treated with either the i.e. v. and i.p. vehicles 
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(control,. 300 P^ole NPY alone .K«. . ~ 
,Lted first with compound and then HW * 
L, Food intake was n«aBured 4 hours after 
compound) . Foo° i- reported as the 

stimulation with SPY. Food intake i. r^or 
mean t S.E.H. intake for a group of ani«l.. 



Tabl* 14 



10 



15 



20 



25 




30 



^ deprivation induces an increase in the 
Since been postulated that 

hypothalamic NPY levels. deprivation is 

^rted'Te^for: -ra^ntoniLs of .ahle 
KPY-mediated. Thereior following a 24h 

..i«<niatered to conscious rats loxo. 
13 were adninl.tere receptor 

£ood ^eP-^-'/^- „ °' J, ,.ie to significantly 

antagonists shown in " 33 shown 

reduce HPV-induced food -»Ke in th ^ ^^^^^ 

TflVile 15. The food incase 
below in Table 1 ^^^^^^^^ a percentage 

treated with t co P .^^^ ^^^^^^^ ^^^^^^ 

of the food ^^l^^^ J" the animals 

(treated with vehicle). ^5% as much 

J «-!r>, the compound consumed oniy 

treated with the P Measurements were 

food as the concroj. ,„.«tration of the test 

performed two hours after administration 
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conpound. 



Of intake compared to control rats. 



v» Oinp O uIlQ 


Mean 
(») 


1 Compound 


1 Mean 


1 


34 


1 ^' 


JO 


2 


42 


20 


J3 


5 


87 


1 




6 


38 


22 


(«R 1 


7 


47 


^23 


58 1 


9 


40 1 


25 


32 1 


10 


74 1 


2C 


73 


11 


15 


27 


84 


17 


27 j 


28 


N.D. 

























These experiments maicate that the co„po„nd. or the 
present invention inniMt rood intake m '.tT 
especany „n.n administered in a r,„,e of a.out " 
to about 100 ^/k, rat. ny either oral, intraparitoneal 
nlr^l d~ The animals appeared 

the™ i. r' no in effect, on 

the an„al= were observed after the termination of th^ 
feeding axperinents. 



The binding properties of the coMpound. were also 
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evaluated with respect to other cloned human G-protein 
coupled receptors. As shovm in Table 16. below, the 
YB.-selective compounds described hereinabove exhibited 
lower affinity for receptors other than the Y-type 
5 receptors. 
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BXPTOIMBNTAL PISCPSSTew 

In order to isolate new NPY receptor subtypes 
applicants choose an expression cloning approach where 
a functional receptor is actually detected with 
5 exquisite sensitivity on the surface of transfected 
cells, using a highly specific iodinated ligand. Using 
this strategy, applicants have identified a rat 
hypothalamic cDNA encoding a novel Y-type receptor 
(Y5) , The fact that applicants had to screen 3.5 x 10« 
10 independent clones with a 2.7 kb average insert size to 
find two clones reveals either a very strong bias 
against Y5 cDNA cloning in the cDNA library 
construction procedure or that the Y5 mRNA is expressed 
at very low levels in rat hypothalamic tissue. The 
15 longest reading frame in the rat Y5 cDNA (CG-18) 
encodes a 456 amino acid protein with an estimated 
molecular weight of 50.1 kD. Given there are two N- 
linked glycosylation site in the amino terminus, the 
apparent molecular weight could be slightly higher. 
20 Applicants have isolated the human Y5 homolog from a 
human hippocampal cDNA library. The longest reading 
frame in the human Y5 cDMA {CX3-19) encodes a 455 amino 
acid protein with an estimated molecular weight of 50 
kD. The human Y5 receptor is one amino acid shorter 
25 than the rat Y5 and shows significant amino acid 
differences both in the N-terminal and the middle of 
the third intracellular loop portions of the protein. 
The seven transmembrane domains and the extracellular 
loops, however, are virtually identical and the protein 
motifs found in both species homologs are identical. 
Both human and rat Y5 receptors carry a large number of 
potential phosphorylation sites in their second and 
third intra- cellular loops which could be involved in 
the regulation of their functional characteristics. 



30 



35 



The rat and human Y5 receptors both carry a leucine 
zipper in the first putative transmembrane domain. In 
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such a structure, it has been proposed that segments 
Staining periodic arrays of leucine -idu- ^^^^^^^^^ 
«loha-helical conformation. The leucine side chains 

S a similar alpha helix of a sacond P°lVPep"ae 
facilitatinc, dimarizaticn by th. for^txon "tj^^^^^ 
coll (O'Shea et al, 198S) • """"y- Buch patterns are 
asBoo ated with nuclear DS* binding protein Uke c-myc 
Z ^ c-J»n, but it is possible that in some 
niT^the leucine repeat si,nply facilitate. 
" ^:::tratirand has little to do with positioning a 
^bi^ing region. Further evidence supporting the 
H :bat di.eri«tion of specific seven transme^-" 
receptors can occur comes from coexpress.on studies 
,5 with muscarinic/adrenergic receptors where 
I«ermolecuUr -cross-talX- between chimeric O-prote- 
„l.d receptors has been described <Maggio et al., 
n« ^Csine Phosphorylation site found in the 
nlddle of this leucine zipper in tr«»m»*rane domain 
,„ onf ™ I) could be involved in regulating dimerization 
Tt^YS r^eptor. The physiological significance of 
G p^teln coupled receptor dimerization remains to be 
r!d!ted »»t by analogy with peptide hormone 
elucidated but involved in 

receptors oligomerization, it couia 
25 receptor activation and signal transduction (Hells. 



30 



1994) . 



35 



The nucleotide and amino acid sequence «»ly»" °' 
Uat and human) reveals low identity levels all 7 
™ receptors including the Yl. Y2 and Y4 receptors 

Tin the transmembrane domains which are usually 
Thiv clserved within receptor subfamilies, 
highly conservea receptors 
;«,pllcants have named CS"" ,» 
because of their uni^e amino ^ ^ 

— ' 

;;!rcolog" al profUe. The name Is not biased toward 
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10 



any one member of the pancreatic polypeptide family. 
The "Y" has its roots in the original classification of 
Yl and Y2 receptor subtypes (Wahlestedt et al., 1937) 
The letter reflects the conservation in pancreatic 
polypeptide family members of the C-terminal tyrosine 
described as -y- in the single letter amino acid code' 
The number is the next available in the Y-type series 
position number three having been reserved for the 
pharmacologically defined Y3 receptor. Applicants note 
that the cloned human Yl receptor was introduced by 
Larharamar and co-workers as a -human neuropeptide 
Y/peptide YY receptor of the Yl type- (Larhammar et 
al., 1992). Similarly, the novel clones described 
herein can be described as rat and human neuropeptide 
15 Y/peptide YY receptors of the Y5 type. 

The rat hypothalamic Y5 receptor displays a very 
similar pharmacological profile to the 
pharmacologically described "atypical" Yl receptor 
thought to mediate NPY-induced food intake in rat 
hypothalamus. Both the Y5 receptor and the -feeding 
receptor" display a preference for NPY and PYY-like 
analogs, a sensitivity to N-terminal peptide deletion, 
and a tolerance for Pro". Each would be considered Yl- 
like except for the anomalous ability of NPYj.3. to bind 
and activate as well as NPY. Each appears to be 
sensitive to changes in the mid-region of the peptide 
ligand. For example, a study by Kalra and colleagues 
(1991) indicated that replacement of the NPY midregion 
by an amino-octanoic chain to produce NPY^.^-Aca- 
dramatically reduced activity in a feeding behavioral 
assay. Likewise, applicants note that the robust 
difference in human PP binding (K^ = 5.0 nM) and rat PP 
binding (K^ = 230) to the rat Y5 receptor can be 
35 attributed to a series of 6 amino acid changes between 
residues 6-30 in the peptide ligands, with human PP 
bearing the closer resemblance to human NPY. Note also 
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.Hat PLRPa,^ae, a structural analog of the 
peptide .hich is reported to stimulate f^d.n, « ««. 
was able to bind and activate the rat « receptor 
"beit at relatively high concentration. 
f These -tching profile., combined with a 

' ;:ct!« activation of the rat YS by the reported 

dln^-^-la"-' l»-Trp»lH«. support the identity 
irt^ rat « a. the "feeding receptor" first proposed 
^irl^-induced feeding in rat hypothalamus, 
to «*lain NFY in pharmacological 
10 That the hun«n Y5 -^^-P^J^ „4 
profile like that of the « J receptor, -ay 
f«,ctional assays suggests that the two r P 
have aimilar functions in vivo. 

.he distribution of VS ^ - - ^^Tn 

— T r«'^^-t;e'"parn:rc:ir 

'"iLlr^ .nd also in the lateral hypothalamus, two 
20 nucleu. tPVN) «»> abundance. Post- 

place. Where y5 mB» was de 

•^'^'^ rrcrrrgulale::: :e^;:se^o endogenously 
th..e regies can regu^ p„„e„„icular nucleu. 

Z p^ections from HPY-containing neuron, in the 

2S r another region where V5 mRia wa. 

arcuate nucleus, another regl j ys 

detected. This indicate, a ^he arcuato- 

.eceptor in »',r»r"n.e^ently in the 

"T^o^tedi^^^vior: The localisation of the « 
30 control of teeamy 4- also important. 

"""'iT^n^ts heavily to the paraventricular 
nucleu. compl^ proD* ^ ...h. the V5 

re^r:; albs" ale for^the emotional aspect of 
appetitive behaviors. 
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ys receptors ere hishly attractive targets for 

«nd weight control based on several lit.. T ' 

<sahu ^ xelra. 15,3,. Z 'l T """"" 

stimulant of feeding behavlorTet . 
S al 1981. ,„ • """vior yet described (Clark et 
.1.. 1984, Levine «^ „, . 

Lerbowrtz. 19,4,. "^J -d 

:r::iVedt:s:i;?ay?-:::.r^^ 

" ever protein and^ L 7^'^ Ir "^^,1^ 

" treat^nt witb strepto^to^ ' .^ite"^:: T^Z^^ 
one potential explanation is that toy V . 
stimulant Of feeding behavior Tno^i 1,7 ^ 

20 r?! J r ^--^-O. acooo^ed by obesity 

f^ P-^^el^S-al stress of obesity increases the rilk 
for health problems such as cardiovascular malf unctro! 
osteoarthritis, and hyperinsulinemia, together :i:n 
worsened prognosis for adult-onset dTabete. T 

. =e"rerc\rrr '° ^= 

... receive as a way to control not onlv 

appetite and body weiaht h»^ ^ 
w . weignt but an entire ranae of= 

th« »»v ° ■"«^*emical evidence to sugg.s 

that NPV-med.ated functions are disregulated in efunc 
0 disorders such as bulimia and anore=ci.':ervosa ,0 "Lf 
they too could be responsive to treafnent ^y a « 
selective drug. It has been proposed, for exa Je, tLt 
food intake in Kry-sti.ulated rats mimics the miss^^e 
food consumption associated with binge eating i^ 
. bul^a (Stanley. 1993, . CSF levels of but n^ Kp" 
were elevated in bulimic patients who abstained ,r" 
b.ng.ng. and then diminished when hinging was allowed 
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(Berrettini et al., 1988) . Conversely, NPY levels were 
elevated in underweight anorectic patients and then 
diminished as body weight was normalized (Kaye et al.. 
1990) . 

As described above, the human and rat in vitro 
expression models were used in combination to screen 
for compounds intended to modulate NPY-dependent 
feeding behavior. Using this approach, applicants have 
discovered several compounds which inhibit feeding 
behavior in animal models, which should lead to 
additional drug discoveries. The compounds according 
to the present invention inhibit food intake in zucker 
obese rats in a range especially of about O.Ql to about 
100 mg/kg after oral, intraperitoneal or intravenous 
administration. 



The Y5 pharmacological profile further offers a new 
standard by which to review the molecular basis of all 
NPY-dependent processes; examples are listed in Table 
11 such an exercise suggests that the Y5 receptor is 
likely to have a physiological significance beyond 
feeding behavior. It has been reported, for example, 
that a Y-type receptor can regulate luteinizing hormone 
releasing hormone (LHRH) release from the median 
eminence of steroid -primed rats in vitro with an 
atypical Yl pharmacological profile. NPY. NPY,.,*. and 
LP-NPY were all effective at luM but deletion of as few 
30 as four amino acids from the N-terminus of NPY 
destroyed biological activity. The Y5 may therefore 
represent a therapeutic target for sexual or 
reproductive disorders. Preliminary in sxtu 

hybridization of rat Y5 mRNA in hippocampus and 
elsewhere further suggest that additional roles will be 
uncovered, for example, in the regulation of memory. 
It is worth while considering that the Y5 is so similar 
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in pharmacological profile to the other Y-type 
receptors that it may have been overlooked among a 
mixed population of Yl, Y2 and Y4 receptors. Certain 
functions now associated with these subtypes could 
therefore be reassigned to YS as our pharmacological 
tools grow more sophisticated (Table 18) . By offering 
new insight into NPY receptor pharmacology, the Y5 
thereby provides a greater clarity and focus in the 
field of drug design. 
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XABLB 17 1 Pathophysiological Conditions Associated 
With NPY 



The following pathological conditions have been 
linked to either 1) application of exogenous NPY, 
or 2) changes in levels of endogenous NPY. 


1 


obesity 


Sahu and Kalra, 1993 


2 


eating disorders 
( anorexia and 
bulimia nervosa) 


Stanley, 1993 


3 


sexual/reproduct 

iv^ funcfeion 


Clark, 1994 


4 


depression 


Heilig and Weiderlov, 
1990 


5 


anxiety 


Wahlestedt et al., 1993 


6 


cocaine 

addiction 


Hahlestedt et al., 1991 


7 




Penner et al-. 1993 


p 
D 




MnT"l*»v and Flood 1990 


Q 


rjain 


Hua et al. . 1991 


10 


epileptic seizure 


Rizzi et al. , 1993 


11 


hypertension 


Zukowska-Grojec et al., 
1993 


12 


subarachnoid 
hemorrhage 


Abel et al., 1988 


13 


shock 


Hauser et al., 1993 


14 


circadian rhythm 


Albers and Ferris, 1984 


15 


nasal congestion 


Lacroix et al., 1988 


16 


diarrhea 


Cox and Cuthbert, 1990 


17 


neurogenic 

voiding 

dysfunction 


Zoubek et al. , 1993 
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A successful strategy for the design of a Y5-receptor 
based drug or for any drug targeted to single G 
protein-coupled receptor subtype involves the screening 
of candidate compounds 1) in radioligand binding assays 
5 so as to detect affinity for cross-reactive G protein- 
coupled receptors, and 2) in physiological assays so as 
to detect undesirable side effects. In the specific 
process of screening for a Y5 -selective drug, the 
receptor subtypes most likely to cross -react and 

10 therefore most important for radioligand binding 
screens include the other "Y-type" receptors, Yl, Y2, 
Y3, and Y4. Cross -reactivity between the Y5 and any of 
the other subtypes could result in potential 
conqplications as suggested by the pathophysiological 

15 indications listed in Table 17. In designing a Y5 
antagonist for obesity and appetite control, for 
example, it is important not to design a Yl antagonist 
resulting in hypertension or increased anxiety, a Y2 
antagonist resulting in memory loss, or a Y4 antagonist 

20 resulting in increased appetite. 
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TABLE 18: Y-Typa Receptor Indications 



Y-type 

Receptor 

Indications 



Receptor 
Subtype 



Drug 

Activity 



Reference 



obesity, 
appetite 
disorder 



atypical Yl I antagonist 



Sahu and 

Kalra, 

1993 



adult onset | atypical Yl 
diabetes 



antagonist 



Sahu and 

Ralra, 

1993 



bulimia 
nervosa 



atypical Yl 



pheochromoc I Yl 
ytotna- 
induced 
hypertensio 



antagonist 
antagonist 



Stanley, 
1993 

Grouzman 
et al* , 
1989 



subarachnoi | Yl 
d 

hemorrhage 



antagonist 



Abel et 
al-, 1988 



neurogenic I Yl 
vascular I Y2 
hypertrophy 



antagonist 
antagonist 



Zukowska- 
Grojec et 
al., 1993 



Y2 



epileptic 
seizure 

hypertensio I peripheral Yl 
n: I central Y3 

central , 
peripheral 
regulation 



central Y2 



antagonist 

antagonist 

agonist 

antagonist 



obesity, 
appetite 
disorder 

anorexia 
35 1 nervosa 



anxiety 



Y4 or PP I agonist 

atypical Yl I agonist 



Yl 



agonist 



Rizzi et 
al., 1993 

Griindemar 
and 

Hakanson, 

1993 
Barraco 
et al. , 
1991 

Malaisse- 
Lagae et 
al., 1977 

Berrettin 
i et al. , 
1988 

Wahlested 
t et al. , 
1993 
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cocaine 
addiction 


1 Yl 
1 


j agonist 


1 Wahlested 
1 t et al., 
1 1991 


stress- 
induced 
gastric 
ulcer 


1 

1 Y4 rsr^ DO 
1 wx rrjr 


1 agonist 
1 agonist 


1 Penner et 
1 al,, 1993 


memory loss 


1 Y2 


1 agonist 


1 Morley 
1 and 

Flood, 

1990 


pain 1 


Y2 


agonist 


Hua et 
1 al., 1991 


shock 


Yl 


' agonist j 


Hauser et 
al., 1993 


sleep 1 
disturbance 
s, jet lag 1 


1 


not clear j 


Albers 
and 

Ferris, 
1984 


nasal | 
decongestio 1 
n 1 


Yl 1 
Y2 1 


agonist 1 
agonist 1 


Lacroix 
et al., 
1988 


diarrhea 1 


Y2 1 


agonist 1 


Cox and 
Cuthbert , 
1990 
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The cloning of the Y5 receptor fronv human «ui r.t is 
eepeclally valuable for receptor characterization based 
Tin situ localization, anti-sense functional knocH- 
Zt. and gene induction. These studies will generate 
5 in^rtant inf oration related to V5 receptor function 
i« therapeutic significance. The cl-™** « 
receptor lends itself to n^tageneeis studies in which 
"Hptor/ligand interactions can be modeled. ^The « 
"ceptor further allows us to investigate the 
0 possibility of other Y-type receptors through ho,nology 
n"ing. Lse could include new receptor subtypes as 
as Y5 species homologs for the est.bli.hs«nt of 
r^rimental animal models with relevance for hu»n 
p^hology. The Y5 receptor therefore represents an 
,S "'oloropportunity for the development of novel »d 
selective drug therapies, particularly those targeted 
to appetite and weight control, but also for memory 
loss depression, anxiety, gastric ulcer, epileptic 
.eiz«e, pain, hypert«»ion, subarachnoid hemorrhage 
,0 steeping disturbances, nasal congestion, neurogenic 
voiding dysfuncion. and diarrhea. 

in particular, the discovery of YS-sle=tive ""go^"" 
which inhibit food intake in rat. provides a method of 
„ modifying feeding behavior in a wide variety of 
vertebrate animals. 
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ATO QAC OTC CTC TTC TTC CAC CM »T TCT JUJT ATG QAO TTT AAO CTT 

Met Asp val Leu Phe Phe His Gin Asp Ser Ser Met Glu Phe Lys Leu 

10 15 

GAG GAG CAT TTT AAC AAG ACA TTT GTC ACA GAG AAC AAT ACA GCT GCT 

Glu Glu His Phe Asn Lys Thr Phe Val Thr Glu Asa Asn Thr Ala Ala 

25 30 

GCT CGG AAT OCA GCC TTC CCT GCC TC6 GAG GAC TAC AGA GGC AGC 6TA 

Ala Arg Asn Ala Ala Phe Pro Ala Trp Glu Asp Tyr Arg Oly Ser Val 
J» 40 45 

GAC GAT TTA CAA TAC TTT CTG ATT GGG CTC TAT ACA TTC CTA AGT CTT 

Asp Asp Leu Gin Tyr Phe Leu He Gly Leu Tyr Thr Phe Val Ser Leu 

55 £0 

CTT GGC TTT ATG GGC AAT CTA CTT ATT TTA ATO GCT OTT ATG AAA AAG 

Leu Gly Phe Met Gly Asn Leu Leu He Leu Met Ala Val Met Lys Lye 
6= 70 75 ' |g 

CGC AAT CAG AAG ACT ACA GTG AAC TTT CTC ATA GGC AAC CTG GCC TTC 

Arg Asn Gin Lys Thr Thr Val Asn Phe Leu He Gly Asn Leu Ala Phe 
85 90 95 

TCC GAC ATC TTG GTC GTC CTG TTT TGC TCC CCT TTC ACC CTG ACC TCT 

ser Asp He Leu Val Val Leu Phe ^s Ser Pro Phe Thr Leu Thr Ser 

GTC TTG TTG GAT CAG TOG ATG TTT GGC AAA GCC ATC TGC CAT ATC ATO 

Val Leu Leu Asp Gin Trp Met Phe Gly Lys Ala Met Cys His He Met 

120 125 

CCG TTC CTT CAA TGT OTQ TCA GTT CTG GTT TCA ACT CTG ATT TTA ATA 

Pro Phe Leu Gin Cys Val Ser Val Leu Val Ser Thr Leu He Leu He 
iJU 135 j^^Q 

TCA ATT GCC ATT GTC AGG TAT CAT ATG ATA AAG CAC CCT ATT TCT AAC 

Ser He Ala He Val Arg Tyr His Met He Lys His Pro He Ser Asn 
"5 150 155 160 

AAT TTA ACG GCA AAC CAT GGC TAC TTC CTG ATA GCT ACT GTC TGG ACA 

Asn Leu Thr Ala Asn His Gly Tyr Phe Leu He Ala Thr Val Trp Thr 
165 170 

CTG GGC TTT GCC ATC TGT TCT CCC CTC CCA GTG TTT CAC AGT CTT GTG 
o 3 6 

Leu Gly Phe Ala He Cys Ser Pro Leu Pro Val Phe His Ser Leu Val 
180 185 190 

GAA CTT AAG GAG ACC TTT GGC TCA GCA CTG CTG AGT AGC AAA TAT CTC 
684 

Glu Leu Lys Glu Thr Phe Gly Ser Ala Leu Leu Ser Ser Lys Tyr Leu 

195 200 205 

TCT GTT GAG TCA TGG CCC TCT GAT TCA TAC AGA ATT GCT TTC ACA ATC 

Cys Val Glu Ser Trp Pro Ser Asp Ser Tyr Arg He Ala Phe Thr He 
210 215 220 
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^ ™ ™ CM T« .TC ™ CCt CT. 0« TOT ™ ^ 8» 

III ^ ^ - V.1 C «» 

= cxT »=c »c T=c c» «c »™ «c T« a» ™ T=C CK= «x 

i Z s., «> .» s.; o., - - - - 

- - - »° f.i "» — sr"- 
E S.X - - - - SI - 

2*7 5 

K:,s„.«n.«,.v.H— -I?; — 

« OCC X «C CCC OCC CO. OCX »» «T - «o »c ™ 

i55V V.1 pro XI. ciy »= «r «y «" SIS 

30 or. ccx »x XX. cox occ Tcc ore ». cxo - - 

j^rvu «o Xg «o XU S„ V.I «, - «. - «| - 

« .TC XTT C«X ~ ore CCX XTC TCC TTT »0 X.X CCT »X 

V.I ne cvva «o c - - i;S 
" xcc .cx X COT cx, «o xcx „c - -j;^ 

jirs.r s.. X.P XI. Hi. «. «; «> ni 

« x.xxxxxx.«x«.»xxc.o.™-x=xc«^--- 
" ^ 'I ™ ccc «T xcc «o x«= ccx «c cxc «c TTC cxc «ro ore 

EC xx. v.. - - - - 

" Z cxc ™ XX, ox. xxc ™ .cc xxT xcc ex. «c XX. CO - 

SCp "I "° "* is " 

" „CTOC XTC TOT C.C.TO T.X X.0 XTO «C «T ^ J J 

65 TTC CTT XXT XXT OOr XTC OCX OXC TTC XOX OCC 
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«^ CTA C.C .TO TC. TC. .P^:^^ ^^^^ 

^" lit *«et ser * 

5 455 

SS*^ TGGTAATTGA CaTA^TTT ATACAG^VAGT ATTCIX«^T 

10 (2) INFORMATION FOR SEQ ID HO: 2s 

(i) SEODEMCE CHWIACTERISTICS- 

b! «7 amino acids 

15 acid 

tO) TOPOtooy: linear 

(ii) MOLECULE TYPE: protein 

20 SEQDENCE DESCRIPTION: SEQ ID HO- 2- 

Met ASP V.I Leu P,» p^ H,, 

25 Clu Clu Hi. pje Asn Lys «.r Pl« Val «.r oiu A»n Asn ^r AI^ Ala 
Ala Ar. Aan Ala Ala Phe Pro Ala Txp clu Asp ryr Ar. aC Ser Val 
An> Leu am t^ i.u iie oiy i.u Tyr Thr Ph! val Ser Leu 

.1. P.e Met Olv Asn ^„ ^„ 
-3 A.„ cm ^ ^ ^ 

ser ASP lie Leu Val Val Leu Phe Cys Ser Pro Phe «,r Leu Z Ser 

110 

v.. U„ X.U ^ ^ ^ 

Pro Phe Leu Gin CVs Val e**. w^i 

n cys Val Ser Val Leu Val Ser Thr Leu lie Leu lie 

Ser lie Ala He Val Arg Tirr His m«i- ti r 
50 150 ^ ""^^ Ser Asn 

* , 160 
Asn Leu Thr Ala Asn His Gly Tvr Ph* r^ 

165 ^ Ala Thr Val Trp Thr 

-^^^ 175 
33 «y «» «. „. c ^ p„ 

190 

Olu Leu Lys Olu Thr Phe Cly ser Ala Leu Leu Ser Ser Lys Tyr Leu 
cys val Clu ser Trp Pro Ser Asp Ser Tyr Ar, He Ma Phe Thr He 



30 



35 



40 



45 



60 



190 

205 

220 

Ser Leu Leu Leu Val Gin Tvr ii« t^.. b 

225 ^ I*" Pro Leu Val Cys Leu Thr Val 

„ . 240 
Ser His Thr Ser Val Cva Ar-« c— -n 

val cys Arg Ser lie Ser Cys Gly Leu Ser His Lys 

255 

cm Asn Arg Leu Clu ciu Asn Clu Met lie Asn Leu Thr Leu cm Pro 

270 
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. Gin Ala LVB Thr Pro Ser Ttor Gin hya Trp 

ser Lye l^ys Ser Arg hsn Gin Ala Lya t 
275 

s.r T,. s.r «- X.. «i. IS 

c 290 

c. V.1 p» «. - «y - rj "° 

,„ in V.X «o O.U «n - V.1 s„ CI. Ill s.r 

S„ V.1 XJ. - «V 5J1 =^ 3^0 

« s« S.r III «. - ?S1 ~ 

" ^ „» «; ^ - - - ^ - 

„ Z ^ ... - SI is ■"• - 

^ c n. c Hi. u« - oxy «| - c. c j~ - 

420 

Xle .eu Tvr Gly Phe :.u A.n A.n Gly Xle Lys Ala AJP I.u Ar. Ala 

leu He HiB Cy. Leu HiB Met ser • 

35 450 

(2) INFOHMATICM FOR SEQ 10 H0:3: 

ii» SEQOBHCE CHARACTERISTICS: 
(X, SEOOSN^^^^ baee pairs 

40 * TYPE: nucleic acid 

(C) sTRANDEDNESS : Single 

(D) TOPOLOGY: linear 

45 (ii) MOLECULE TYPE: ClJSA 

(iii) HYPOTHETICAL: SO 
(iv) ANTI-SENSE: NO 



50 



55 



60 



65 



70 



t ix) FEATURE : 

(A) NAME/KEY: CDS 

(B) LOCATION: 61.. 1432 



, «OOENCE DESCRIPTION: SEQ ID N0:3: 

(XX) SEQUENCE ^ OTCATGTAAT GTTTTrTTGG TTGCTGACAA 

GTTTCCCTCT GAATAGATTA ATTTAAAGTA GTCATtiT 

I .CT TTT TAT TCC AAG CAG GAC TAT AAT ATG GAT TTA GAG CTC GAC 
B Z P.e Tyr Ser Lys Gin Abp Tyr Asn Me. Asp Glu Le. Asp 
... AAG ACA CTT GCC ACA GAG AAT AAT ACT GCT GCC ACT 



15 
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«o TCT «T TTC cc» crc T« «T a«: x»T 
^ »r, ^ ^ ^ ^ ^ ^ 

«C tT» «0 W „ CTC ATT C« CTC ttT TTT «l CTT CTT 
'-^ -IS ^ «» «-u .1, Oly ^ T^ ^ 

GGC TTT ATG GGG AAT CTA CTT ATT tth hh^o . 

300 ATG GCT CTC ATG AAA AAG C6T 

Gly Phe Met Gly Abxi Leu Leu He Lei. m.i- ,vi , 
€S ^ 70 Met Ala Leu Met Lys Lye Arg 

'^^ BO 

A.« Oln Ly. xj, V.1 «„ p^. ^„ ^. ^„ 

«T .TC TO GTC CTO TIT TOC TO. CCT rrc AC ™ ACG 
II. L.„ V.J V.I ^ 

■no era oat cag tgg atg <30c ^ ctc atg tgc cat att atg cct 

Leu ASP Gin Trp Met Phe Gly Lys V.I Met Cys His Xle Met Pro 

3 0 125 

TTT CTT CAA TGT GTO TCA CTT TTO OTT TCA ACT TTA ATT .TA ATA TCA 
Phe 1.U Gin cys Val Ser Val Leu Val Ser Thr Leu lie Leu He Ser 

ATT GCC ATT CTC AGO TAT CAT ATG ATA AAA CAT ATA TCT AAT AAT 

lie Ala Xle Val Ar. -Tyr „ia Met lie Lys His p„ xie Ser Asn Asn 

160 

TTA ACA GCA AAC CAT OGC TAC TTT CTG ATA GCT ACT GTC TCG ACA CTA 
Leu Thr Ala Asn His Gly xyr Phe Leu lie Ala Thr Val Trp Thr Leu 

^ TTT GCC ATC TGT TCT CCC CTT CCA GTG TTT CAC AGT CTT GTG GAA 
Gly Phe Ala lie Cys Ser Pro Leu Pro Val Phe His Ser Leu Val Glu 
50 190 

CTT CAA a« AC TTT OCT TC «» TT, CTS MC MC »00 T« TT» «T 
01. »I„ T^ Pk. oly AIj ..u s„ s., Tyr L.U Cy. 

55 205 

GTT GAG TCA TGG CCA TCT GAT TCA TAC AGA AIT GCC TTT ACT ATC TCT 
val Glu ser Trp Pro Ser Asp Ser Tyr Arg lie Ala Phe Thr He Ser 
60 '^'^^ 220 

TTA TTG CTA GTT CAG TAT ATT CTG CCC TTA GTT TGT CTT ACT GTA AGT 
Leu Leu Leu Val Gin Tyr lie Leu Pro Leu Val Cys Leu Thr Val Ser ■ 
65 235 240 

gT ACA AGT GTC TGC AGA AGT ATA AGC TGT GGA TTG TCC AAC AAA GAA 
His Thr ser Val Cys Arg Ser He Ser gs Gly Leu Ser Asn Lys Glu 
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AAC AGA CTT GAA GAA AAT GAG ATG ATC AAC TTA ACT CTT CAT CCA TCC 

Hi Arg Leu Glu Glu Aan Glu Met lie Asn Leu THr Leu His Pro Ser 
2S0 265 *i» 

^ AAA AAG ACT GOG COT GAG 6T6 AAA CIC TOT GGC A6C CAT AAA TOG ACT 



10 



40 



60 



65 



iyl Lya Ser Gly Pro Gin Val Lys Leu Ser Gly Ser Hie Lys Trp Ser 



275 



TAT TCA TTC ATC AAA AAA CAC AGA AGA AGA TAT AGC AAO AA6 ACA GCA 
^ ser Phe He Lys Lye His Arg Arg Arg Tyr Ser Lys Lys Thr Al. 

290 . 
TGT GTG TTA CCT GOT CCA GAA AGA OCT TCT CAA GAG AAC CAC TCC AOA 

^fval Leu pro Ala Pro Glu Arg Pro Ser Gin Glu Asn His Ser Keg 
ATA CTT CCA GAA AAC TTT GGC TCT CTA AGA ACT CAO CTC TCT TCA TCC 

ne^Leu pro Glu Asn Phe Gly Ser Val Arg Ser Gin Leu Ser Ser Ser 

325 33u 

AGT AAG TTC ATA CCA GGG GTC CCC ACT TGC TTT GAG ATA AAA CCT GAA 
S«'Lys Phe lie Pro Gly Val Pro Thr Cys Phe Glu 11. Lys Pro Glu 
GAA AAT TCA GAT GTT CAT GAA TTO AGA GTA AAA CCT TCT GTT ACA AOA 

ll^Asn ser Asp Val His Glu Leu Arg Val Lys Arg Ser Val thr Arg 
355 

ATA AAA AAG AOA TCT COA ACT OTT TTC TAC AGA CTG ACC ATA CTG ATA 
nl^ys Lys Arg Ser Arg Ser Val Phe Tyr Arg Leu Thr He Leu He 



370 



TTA GTA TTT GCT GTT ACT TOG ATO CCA CTA CAC CTT TTC CAT CTG GTA 

Ji"val Phe Ala Val Ser Trp Met Pro Leu His Leu Phe His Val Val 
385 39° 
*^ ACT GAT TTT AAT GAC AAT CTT ATT TCA AAT AGO CAT TTC AAG TTG CTG 

S"asp Phe Asn ASP Asn Leu lie Ser Asn Arg His Phe Lys Leu Val 

405 *xu 
TAT TGC ATT TCT CAT TTG TTG GGC ATO ATG TCC TCT TCT CTT AAT CCA 

Sr*cys lie Cys His Leu Leu Gly Met Met ser Cys Cys Leu Asn Pro 
420 

ATT CTA TAT GGG TTT CTT AAT AAT GGG ATT AAA GCT GAT TTA GTG TCC 
. llel^u Tyr Gly Phe Leu Asn Asn Gly He Lys Ala Asp Leu Val Ser 



CTT ATA CAC TGT CTT CAT ATG TAA TAA TTCTCACTGT TTACCAAGGA 



1452 „. ^ 

Leu He His Cys Leu His Met 

450 

AAGAAC 
1457 
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(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 457 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) NOLECOLE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 



Met Ser Phe Tyr Ser Lys Gin Asp Tyr Asn Met Asp Leu Glu Leu Asp 

Glu Tyr Tyr Asn Lys Thr Leu Ala Glu Asn Asn Thr Ala Ala thr 

Arg Asn Ser Asp Phe Pro Val Trp Asp Asp Tyr Lys Ser Ser Val Asp 
35 40 45 

Asp Leu Gin Tyr Phe Leu lie Gly Leu Tyr Thr Phe Val Ser Leu Leu 
50 55 50 

Gly Phe Met Gly Asn Leu Leu He Leu Met Ala Leu Met Lys Lys Arg 
^5 ''O 75 ^ 80 

Asn Gin Lys Thr Thr Val Asn Phe Leu He Gly Asn Leu Ala Phe Ser 
85 90 95 

Asp He Leu Val Val Leu Phe Cys Ser Pro Phe Thr Leu Thr Ser Val 
100 105 110 

Leu Leu Asp Gin Trp Met Phe Gly Lys Val Met Cys His He Met Pro 
115 120 125 

Phe Leu Gin Cys Val Ser Val Leu Val Ser Thr Leu He Leu He Ser 
130 135 140 

He Ala He Val Arg Tyr His Met He Lys His Pro He Ser Asn Asn 
"5 150 

Leu Thr Ala Asn His Gly Tyr Phe Leu He Ala Thr Val Trp Thr Leu 
1«S 170 175 

Gly Phe Ala lie Cys Ser Pro Leu Pro Val Phe His Ser Leu Val Glu 
180 185 190 

Leu Gin Glu Thr Phe Gly Ser Ala Leu Leu Ser Ser Arg Tyr Leu Cys 
195 200 205 

Val Glu Ser Trp Pro Ser Asp Ser Tyr Arg He Ala Phe Thr He Ser 

210 215 220 

Leu Leu Leu Val Gin Tyr He Leu Pro Leu Val Cys Leu Thr Val Ser 
225 230 235 240 

His Thr Ser Val Cys Arg Ser He Ser Cys Gly Leu Ser Asn Lys Glu 
245 250 255 

Asn Arg Leu Glu Glu Asn Glu Met He Asn Leu Thr Leu His Pro Ser 
260 265 270 

Lys Lys Ser Gly Pro Gin Val Lys Leu Ser Gly Ser His Lys Tro Ser 

275 2B0 285 

Tyr Ser Phe He Lys Lys His Arg Arg Arg Tyr Ser Lys Lys Thr Ala 
290 295 300 

Cys Val Leu Pro Ala Pro Glu Arg Pro Ser Gin Glu Asn His Ser Ara 
305 310 315 320 

He Leu Pro Glu Asn Phe Gly Ser Val Arg Ser Gin Leu Ser Ser Ser 
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335 330 335 

Ser Ly. Phe lie Pro Oly Val Pro Thr Cys Phe Glu He Lye Pro Glu 
340 345 

^ Glu ser Atp val Hia Glu Leu Arg Val tya Arg ser Val Thr Arg 

lie Ly Lye Arg Ser Arg Ser Val Phe Tyr Arg Leu Thr He Leu He 
10 370 375 



20 



35 



40 



60 



Leu val Phe Ala Val Ser Tzp Met Pro Leu Hie Leu Phe Hia val Val 
385 

IS Thr A.P Phe Asn Asp Asn Leu He Ser Asn Arg Hie Phe Lys Leu Val 
Tyr eye He Cye His Leu Leu Gly Met Met Ser Cys Cys Leu Asa Pro 



420 



lie Leu Tyr Gly Phe Leu Asn Asn Gly He Lys Ala Asp Leu Val Ser 



435 



Leu He His Cys Leu His Met * • 
25 450 *55 

(2) INFORMATION FOR SEQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1054 base pairs 
OA (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: WiA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 3.. 1004 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
TC ATG TGT CAC ATT ATG CCT TTT CTT CAA TGT GTG TCA GTT CTG GTT 
*'Met cys His He Met Pro Phe Leu Gin Cys val Ser Val Leu Val 

TCA ACT TTA ATT CTA ATA TCA ATT GCC ATT GTC AGG TAT CAT ATG ATC 

^° ser Thr Leu He Leu He Ser He Ala He Val Arg Tyr His Met He 

20 ^» 

AAO CAT CCT ATA TCT AAC AAT TTA ACA GCA AAC CAT GGC TAC TTC CTG 
5^ Lyl'nis pro He Ser Asn Asn Leu Thr Ala Asn His Gly Tyr Phe Leu 
ATT GCT ACT GTC TGG ACA CIA GGT TTT GCG ATT TGT TCT CCC CTT CCA 
llf Ala Thr val Trp Thr Leu Gly Phe Ala He Cys Ser Pro Leu Pro 
OTG TTT CAC AGT CTG GTG GAA CTT CAG GAA ACA TTT GAC TCC GCA TTG 
" v"%he His ser Leu Val Glu Leu Gin Glu Thr Phe Asp Ser Ala Leu 



£5 



CTO AGC AGC AGG TAT TTA TGT GTT GAG TCG TGG CCA TCT GAT TCG TAC 
70 287 
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Leu Ser Ser Arg Tyr Leu Cys Val Glu Ser Trp Pro Ser Asp Ser Tyr 
80 85 90 95 

5 ^JJgATC <5CT TTT ACT ATC TCT TTA TTG CTA GTC CAG TAT ATT CTT CCC 

Arg He Ala Phe Thr He Ser Leu Leu Leu Val Gin Tyr He Leu Pro 
"0 105 110 

10 ^jGTG TGT CTA ACT GTG AGC CAT ACC AGT GTC TGC AGG AGT ATA AGC 

Leu Val Cys Leu Thr Val Ser His Thr Ser Val CVs Arg Ser He Ser 
115 120 125 

TGC GGG TTG TCC AAC AAA GAA AAC AAA CTG GAA GAA AAC GAG ATG ATC 
l-> 431 

Cys Gly Leu Ser Asn Lys Glu Asn Lys Leu Glu Glu Asn Glu Met He 

130 135 

AAC TTA ACT CTT CAA CCA TTC AAA AAG AGT GGG CCT CAG GTG AAA CTT 

Asn Leu Thr Leu Gin Pro Phe Lys Lys Ser Gly Pro Gin Val Lys Leu 
1*5 ISO 155 

TCC AGC AGC CAT AAA TGG AGC TAT TCA TTC ATC AGA AAA CAC AGG AGA 

527 

Ser Ser Ser His Lys Trp Ser Tyr Ser Phe He Arg Lys His Arg Arg 
160 165 170 j^^l 

-an AGG TAC AGC AAG AAG ACG GCG TGT GTC TTA CCT GCT CCA GCA AGA CCT 

•5 U 575 

Arg Tyr Ser Lys Lys Thr Ala Cys Val Leu Pro Ala Pro Ala Arg Pro 
180 185 195 

35 ^623^ AAC CAC TCA AGA ATG CTT CCA GAA AAC TTT GGT TCT GTA 

Pro Gin Glu Asn His Ser Arg Met Leu Pro Glu Asn Phe Gly Ser Val 
155 200 205 

40 ^671^°^ ™^ ^^'^ ^"^^ ^™ ^ ^'^^ 

Arg Ser Gin His Ser Ser Ser Ser Lys Phe He Pro Gly Val Pro Thr 
210 215 220 

TGC TTT GAG GTG AAA CCT GAA GAA AAC TCG GAT GTT CAT GAC ATG AGA 
45 719 

Cys Phe Glu Val Lys Pro Glu Glu Asn Ser Asp Val His Asp Met Arg 
225 230 235 

GTA AAC CGT TCT ATC ATG AGA ATC AAA AAG AGA TCC CGA AGT GTT TTC 

50 767 

Val Asn Arg Ser He Met Arg He Lys Lys Arg Ser Arg Ser Val Phe 
240 245 250 255 

TAT AGA CTA ACC ATA CTG ATA CTA GTG TTT GCC GTT AGC TGG ATG CCA 
55 815 

Tyr Arg Leu Thr He Leu He Leu Val Phe Ala Val Ser Trp Met Pro 
260 265 270 

CTA CAC CTT TTC CAT GTG GTA ACT GAT TTT AAT GAC AAC CTC ATT TCA 
60 863 

Leu His Leu Phe His Val Val Thr Asp Phe Asn Asp Asn Leu He Ser 

275 280 285 

AAC AGG CAT TTC AAA TTG GTG TAT TGC ATT TGT CAT TTG TTA GGC ATG 

65 911 

Asn Arg His Phe Lys Leu Val Tyr Cys He Cys His Leu Leu Gly Met 
290 295 300 

ATG TCC TGT TGT CTT AAT CCT ATT CTG TAT GGT TTT CTC AAT AAT GGG 
70 959 
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Het Ser Cys Cys Leu Asn Pro lie Leu Tyr Gly Phe Leu Asn Asn Gly 

305 310 
ATC AAA GCT GAT TTA ATT TCC CTT ATA CA6 TGT CTT CAT ATG TCA 

^ ilS*LyB Ala ASP Leu He Ser Leu He Gin Cys Leu His Met Ser 
320 325 330 

TAATTArBkA TGTTTACCAA GGA6ACAACA AATGTTGGGA TOGTCTAAAA 
10 1054 

(2) INFORMATION FOR SEQ ID N0:6; 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 334 amino adds 

(B) TYPE: amino acid 
(0) TOPOLOGy: linear 

20 (ii) MOLBCOLE TYPE: protein 

(Xi) SEQOENCE DESCRIPTIONS SEQ ID N0»6: 
Met cys His lie Met Pro Phe Leu Gin Cys Val Ser val Leu Val Ser 
25 1 5 10 

Thr Leu He Leu lie Ser He Ala He Val Arg Tyr His Met He Lys 
20 25 J" 

30 His Pro He Ser Asn Asn Leu Thr Ala Asn His Gly Tyr Phe Leu He 
35 40 

Ala Thr val Trp Thr Leu Gly Phe Ala He Cys Ser Pro Leu Pro Val 
50 55 60 



35 



40 



50 



55 



Phe His ser Leu Val Glu Leu Gin Glu Thr Phe Asp Ser Ala Leu Leu 

65 70 75 

Ser ser Arg Tyr Leu Cys Val Glu Ser Trp Pro Ser Asp Ser Tyr Arg 
85 >0 

He Ala Phe Thr He Ser Leu Leu Leu Val Gin Tyr He Leu Pro Leu 

100 



45 val cys Leu Thr Val Ser His Thr Ser Val Cys Arg Ser He Ser Cys 
Gly Leu ser Asn Lys Glu Asn Lys Leu Olu Glu Asn Glu Met He Asn 



115 120 

Asn Lys Glu 

130 135 "0 

Leu Thr Leu Gin Pro Phe Lys Lys Ser Gly Pro Gin Val Lys Leu Ser 
ser ser Hi- Lys Trp Ser Tyr Ser Phe He Arg Lye His Arg Arg Arg 



165 



Tyr ser Lys Lys Thr Ala Cys Val Leu Pro Ala Pro Ala Arg Pro Pro 

IBO 

60 Gin Glu Asn His Ser Arg Met Leu Pro Glu Asn Phe Gly Ser Val Arg 
195 20Q 
ser Gin His Ser Ser Ser Ser Lys Phe He Pro Gly Val Pro Thr Cys 



215 



" Phe Glu val Lys Pro Glu Glu Asn Ser Asp Val His Asp Met Arg Val 
225 230 

Asn Arg Ser He Met Arg He Lys Lys Arg Ser Arg Ser Val Phe Tyr 
70 245 
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15 



25 



30 



35 



45 
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Arg Leu Thr lie Leu He Leu Val Phe Ala Val Ser Trp Met Pro Leu 
260 265 270 

His Leu Phe His Val Val Thr Asp Phe Aan Asp Asn Leu He Ser Asn 

280 285 

^ nin ^ ^® Cya His Leu Leu Gly Met Met 

2^0 295 300 

Ser Cys Cys Leu Asn Pro He Leu Tyr Gly Phe Leu Asn Asn Gly He 
310 315 320 

Lys Ala Asp Leu He Ser Leu He Gin Cys Leu His Met Ser 
325 330 

(2) INFORMATION FOR SEQ ID NO: 7: 



(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 24 base pairs 
20 (B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

TGGATCAGTG GATGTTTGGC AAAG 
24 

(2) INFORMATION FOR SEQ ID NO: 8: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
40 (D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8; 



GTCTGTAGAA AACACTTCGA GATCTCTT 
50 28 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 
55 (A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

60 (ii) MOLECULE TYPE: cDKA 



65 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

CTTCCAGTGT TTCACAGTCT GGTGG 
25 

70 (2) INFORMATION FOR SEQ ID NO: 10: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
5 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDMA 

10 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

CTOAGCAGCA GGTATTTATG TGTTO 
15 25 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2B base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: cDNA 

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

CTGGATGAAG AATGCTGACT TCTTAGAG 
2B 

35 (2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid • 
4Q (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



45 



50 



(ii) MOLECULE TYPE: CDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

TTCTTGAGTG GTTCTCTTGA GGAGG 
25 
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a 



What is claimed is: 

1. A method of modifying feeding behavior of 
5 subject which comprises administering to the 

subject an amount of a compound which is a YS 
receptor agonist or antagonist effective to 
increase or decrease the consumption of food by 
the subject so as to thereby modify feeding 
10 behavior of the subject. 

2. The method of claim l, wherein the compound is a 
Y5 receptor antagonist and the amount is effective 
to decrease the consun5>tion of food by the 

15 subject. 

3. The method of either of claims 1 or 2, wherein the 
compound is administered in combination with food. 

20 4. The method of claim i, wherein the compound is a 
YS receptor agonist and the amount is effective to 
increase the consumption of food by the subject. 

5. The method of either of claims 1 or 4, wherein the 
25 compound is administered in combination with food. 

6. The method of claim 1. wherein the subject is a 
vertebrate, a mammal, a human or a canine. 

3° A method of treating a feeding disorder in a 

subject which comprises administering to the 
subject an amount of a non-peptidyl compound which 
is a Y5 receptor antagonist effective to inhibit 
the activity of the subject's Y5 receptor, wherein 

35 the binding of the compound to the human Y5 

receptor is characterized by a Ki less than lOO 
nanomolar when measured in the presence of 
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PYY. 



8. 



10. 

10 



11. 

15 



20 12. 



13. 

25 

14. 

30 



15 

35 



The method of claim 7. wherein the compound has a 
Ki less than 50 nanomolar. 

The method of claim 8. wherein the compound has a 
less than 10 nanomolar. 

The »ethod of =l.i« S. -herein binding ot the 
c«»o<»d to any other hum». Y-type receptor i. 
c^cterized hy a K. greater than 10 nanomolar 

125T.PYY 

when meaaured in the preaence of I P". 

The method of claim 9, wherein th. binding of the 
X^d to each Of the human VX. « -nd 

human Y4 receptor, ia characterized by a ^I^ 
greater than 10 nanomolar when meaaured xn the 
presence of "»I-PYlt- 

The method of claim 10, -herein the hlndlj.g °f 'he 
compound to any other human Y-type " 
Characterized by a K. greater than SO nanomolar. 

The method of claim 12. wherein the hihding of the 
cc^^nd to any other human Y-type ««P"r i. 
Lracterized by a greater th«. 100 nanomolar. 

The method of claim 7, wherein the compound binds 
ToZ human YS receptor with an affinity greater 
hal ten-fold higher than the ^'"'^'V -th wh^h 
, ._■ J- anv other human Y-type 
the compound bxnds to any ocner 

receptor . 

The method of claim l. wherein the compound binds 

lothe human YS receptor with an affinity greater 

than ten-fold higher than the affinity wxth whxch 
than ten y ^^^^ ^^^^ 

the compound bxnds to eacn oi. 
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Y2 and human Y4 receptors. 

The method of claim 7, wherein the feeding 
disorder is obesity or bulimia. 

The method of claim 1, wherein the subject is a 
vertebrate, a mammal, a human or a canine. 

A method of treating a feeding disorder in a 
siibject which comprises administering to the 
subject an amount of a peptidyl compound which is 
a Y5 receptor antagonist effective to inhibit the 
activity of the subject's YS receptor, wherein the 
compound's binding to the human Y5 receptor is 
characterized by a less than 10 nanomolar when 
measured in the presence of "^I-PYY. 

The method of claim 18, wherein the compound's 
binding is characterized by a less than 1 
nanomolar. 

The method of claim J18, wherein the compound's 
binding to any other human Y-type receptor is 
characterized by a greater than 10 nanomolar 
when measured in the presence of "*I-PYY. 

The method of claim 18, wherein the compound's 
binding to each of the human Yl, human Y2 and 
human Y4 receptors is characterized by a Ki 
greater than 10 nanomolar when measured in the 
presence of "*I-PYY. 

The method of claim 20, wherein the compound's 
binding to any other human Y-type receptor is 
characterized by a greater than 50 nanomolar. 

The method of claim 22,. wherein the compound's 
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binding to any other human Y-type receptor is 
characterized by a greater than 100 nanomolar. 

24. The method of claim 18, wherein the compound binds 
5 to the human Y5 receptor with an affinity greater 

than ten- fold higher than the affinity with which 
the compound binds to any other human Y-type 
receptor . 

10 25. The method of claim 18, wherein the compound binds 
to the human Y5 receptor with an affinity greater 
than ten- fold higher than the affinity with which 
the compound binds to each of the human Yl. human 
Y2 and human Y4 receptors . 

15 

26. The method of claim 18, wherein the feeding 
disorder is obesity or bulimia. 

27. The method of claim 18, wherein the subject is a 
vertebrate, a mammal, a human or a canine. 

A method of treating a feeding disorder in a 
subject which comprises administering to the 
subject an amount of a non-peptidyl compound which 
is a Y5 receptor agonist effective to increase the 
activity of the subject's Y5 receptor, wherein 

(a) the binding of the compound to the human Y5 
receptor is characterized by a Ki less than 
100 nanomolar when measured in the presence 
of "*I-PYY; and 

(b) the binding of the compound to any other 
human Y-type receptor is characterized by a 
Ki greater than 1000 nanomolar when measured 
in the presence of "*I-PYY. 
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The method of claim 26, wherein the binding of the 
conpoiind to the humcm Y5 receptor is characterized 
by a Ki less than 10 nanomolar. 

A method of treating a feeding disorder in a 
subject which comprises administering to the 
subject an amount of a non-peptidyl compound which 
is a Y5 receptor agonist effective to increase the 
activity of the subject's Y5 receptor, wherein 

(a) the binding of the compound to the human Y5 
receptor is characterized by a Ki less than 
1 nanomolar when measured in the presence of 
"*I-PYY; and 

(b) the compound's binding to any other human Y- 
type receptor is characterized by a Ki 
greater than 100 nanomolar when measured in 
the presence of "*I-PYY. 

The method of claim 28, wherein the compound binds 
to the human Y5 receptor with an affinity greater 
than ten-fold higher than the affinity with which 
the compound binds to any other human Y-type 
receptor. 

The method of claim 28, wherein the compound binds 
to the human Y5 receptor with an affinity greater 
than ten-fold higher than the affinity with which 
the compound binds to each of the human Yl, human 
Y2 and human Y4 receptors. 

The method of claim 28, wherein the feeding 
disorder is anorexia. 

The method of claim 28, wherein the subject is a 
vertebrate, a mammal, a human or a canine. 
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35- A method of treating a feeding disorder in a 
subject which comprises administering to the 
subject an amount of a peptidyl compound which is 
a Y5 receptor agonist effective to increase the 
5 activity of the subject's Y5 receptor, wherein 

(a) the binding of the compound to the human Y5 
receptor is characterized by a less than 
1 nanomolar when measured in the presence of 

10 "^I-PYY; and 

(b) the binding of the compound to any other 
human Y-type receptor is characterized by a 
Ki greater than 25 nanomolar when measured in 

15 the presence of "*I-PYY, 

36. A method of treating a feeding disorder in a 
subject which comprises administering to the 
subject an amount of a peptidyl compound which is 
20 a Y5 receptor agonist effective to increase the 

activity of the subject's Y5 receptor, wherein 



(a) the binding of the compound to the human Y5 
receptor is characterized by a Ki less than 
0.1 nanomolar when measured in the presence 
of "*I-PYY; and 

the binding of the compound to any other 
human Y-type receptor is characterized by a 
Ki greater than 1 nanomolar when measured in 
the presence of "^I-PYY. 

The method of claim 36, wherein the binding of the 
agonist to any other human Y-type receptor is 
characterized by a Ki greater than 10 nanomolar. 



(b) 



30 



38. A method of treating a feeding disorder in a 
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subject which comprises administering to the 
subject an amount of a peptidyl con5)o\md which is 
a Y5 receptor agonist effective to increase the 
activity of the sxibject's Y5 receptor, wherein 

(a) the binding of the compound to the human Y5 
receptor is characterized by a less than 
0.01 nanomolar when measured in the presence 
of "*I-PYY; and 

(b) the binding of the compound to any other 
human Y-type receptor is characterized by a 
Ki greater than 1 nanomolar when measured in 
the presence of "^I-PYY. 



39. The method of claim 35, wherein the compound binds 
to the human YS receptor with an affinity greater 
than ten- fold higher than the affinity with which 
the compound binds to any other human Y-type 

20 receptor. 

40. The method of claim 35, wherein the compound binds 
to the human Y5 receptor with an affinity greater 
than ten- fold higher than the affinity with which 

25 the compound binds to each of the human Yl, human 

Y2 and human Y4 receptors. 

41. The method of claim 35, wherein the feeding 
disorder is anorexia. 



42. The method of claim 35, wherein the subject is a 
vertebrate, a mammal, a human or a canine. 

43. An isolated nucleic acid encoding a Y5 receptor. 

44. The nucleic acid of claim 43, wherein the nucleic 
acid is DNA. 
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45. The DNA of claim 44, wherein the DHA is cDNA. 

46. The DNA of claim 44, wherein the DNA is genomic 
DNA. 

5 

47. The nucleic acid of claim 43, wherein the nucleic 
acid is RNA. 

48. The nucleic acid of claim 43, wherein the nucleic 
10 acid encodes a vertebrate Y5 receptor. 

49. The nucleic acid of claim 43, wherein the nucleic 
acid encodes a mammalian Y5 receptor. 

15 50. The nucleic acid of claim 43, wherein the nucleic 
acid encodes a human Y5 receptor. 

51. The nucleic acid of claim 50, wherein the nucleic 
acid encodes a receptor characterized by an amino 
20 acid sequence in the transmembrane region which 

has a homology of 60% or higher to the amino acid 
sequence in the transmembrane region of the human 
Y5 receptor shown in Figure 6. 

25 52. The nucleic acid of claim 50, wherein the human Y5 
receptor has substantially the same amino acid 
sequence as that shown in Figure 6. 

53. The nucleic acid of claim 50, wherein the human Y5 
30 receptor has the amino acid sequence shown in 

Figure 6 . 

54. The nucleic acid of claim 43, wherein the nucleic 
acid encodes a rat Y5 receptor. 



35 



55. The nucleic acid of claim 54, wherein the rat Y5 
receptor has substantially the same amino acid 
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seguence as that shown in Figure 4. 

56. The nucleic acid of claim 54, wherein the rat YS 
receptor has the amino acid sequence shown in 

5 Figure 4. 

57. The nucleic acid of claim 43, wherein the nucleic 
acid encodes a canine Y5 receptor . 

10 58. The nucleic acid molecule of claim 57, wherein the 
canine Y5 receptor has substantially the same 
amino acid sequence as that shown in Figure 15. 

59. The nucleic acid of claim 57, wherein the canine 
15 Y5 receptor has the amino acid sequence shown in 

Figure 15. 

60. A purified Y5 receptor protein. 

20 61. A vector comprising the nucleic acid of claim 43. 

62. A vector comprising the nucleic acid of claim 50. 

63 . A vector con^rising the nucleic acid of claim 54 . 

64. A vector comprising the nucleic acid of claim 57. 



25 



65. A vector of claim 61 adapted for expression in a 
bacterial cell which comprises the regulatory 
30 elements necessary for expression of the nucleic 

acid in the bacterial cell operatively linked to 
the nucleic acid encoding a Y5 receptor as to 
permit expression thereof. 

35 66. A vector of claim 61 adapted for expression in a 
yeast cell which comprises the regulatory elements 
necessary for expression of the nucleic acid in 
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subject which comprises administering to the 
subject an amount of a peptidyl compound which is 
a Y5 receptor agonist effective to increase the 
activity of the subject's Y5 receptor, wherein 

(a) the binding of the compound to the human Y5 
receptor is characterized by a K, less than 
0.01 nanomolar when measured in the presence 
of ^25i_pyY; and 

(b) the binding of the compound to any other 
human Y-type receptor is characterized by a 
K, greater than 1 nanomolar when measured in 
the presence of ^^I-PYY. 



39. The method of claim 35, wherein the compound binds 
to the human Y5 receptor with an affinity greater 
than ten-fold higher than the affinity with which 
the compound binds to any other human Y-type 

20 receptor. 

40. The method of claim 35, wherein the compound binds 
to the human Y5 receptor with an affinity greater 
than ten-fold higher than the affinity with which 
the compound binds to each of the human Yl, human 
Y2 and human Y4 receptors. 



25 



41. 



The method of claim 35, wherein the feeding 
disorder is anorexia. 



30 



42. The method of claim 35, wherein the subject is a 
vertebrate, a mammal, a human or a canine subject. 



43. 



An isolated nucleic acid encoding a Y5 receptor. 



35 



44 



The nucleic acid of claim 43, wherein the nucleic 
acid is DNA. 
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mammalian cell which comprises the regulatory 

elements necessary for expression of the DNA in 
the mammalian cell operatively linked to the DNA 

encoding the rat Y5 receptor as to permit 
5 expression thereof. 

75. A vector of claim 74 wherein the vector is a 
plasmid. 

10 76. The plasmid of claim 75 designated pcEXV-rY5 (ATCC 
Accession No. 75944) . 

77. A vector of claim 64 adapted for expression in a 
mammalian cell which comprises the regulatory 
elements necessary for expression of the DNA in 
the mammalian cell operatively linked to the DNA 
encoding the canine Y5 receptor as to permit 
expression thereof. 

20 78. The vector of claim 77 designated Y5-bd-e (ATCC 
Accession No. ) . 

79. The vector of claim 78 designated Y5-bd-5 (ATCC 
Accession No. ) . 

25 

80. A mammalian cell comprising the vector of any one 
of claims 70, 71, 74, or 77. 

81. A mammalian cell of claim 80, wherein the cell is 
30 non-neuronal in origin. 

82. A mammalian cell of claim 80, wherein the 
mammalian cell is a COS- 7 cell. 

35 83. A mammalian cell of claim 80, wherein the 
mammalian cell is a 293 human embryonic kidney 
cell. 
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84. The cell of claim 83 designated 293-ry5-14 (ATCC 
Accession No. CRL 11757) • 

85. A mammalian cell of claim 80, wherein the 
5 mammalian cell is a NIH-3T3 cell. 

86. The cell of claim 81 designated [designation] 
(ATCC Accession No. CRL [n#l ) • 

10 87. A mammalian cell of claim 80, wherein the 
mammalian cell is a LM(tk-) cell. 

88. The cell of claim 87 designated [designation] 
(ATCC Accession No. CRL [!#] ) . 

15 

89. An insect cell conqprising the vector of claim 67. 

90. An insect cell of claim 89, wherein the insect 
cell is an Sf9 cell. 

20 

91. An insect cell of claim 89, wherein the insect 
cell is an Sf21 cell. 

92. A membrane preparation isolated from the cell of 
25 claim 60. 

93. A nucleic acid probe comprising a nucleic acid of 
at least 15 nucleotides capable of specifically 
hybridizing with a unique sequence included within 

30 the sequence of a nucleic acid encoding a Y5 

receptor of claim 43. 

94. A nucleic acid probe of claim 93, wherein the 
nucleic acid is DNA. 



35 



95. A nucleic acid probe of claim 93, wherein the 
nucleic acid is RNA. 
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96, An antisense oligonucleotide having a sequence 
capable of specifically hybridizing to niRNA 
encoding a Y5 receptor of claim 47 so as to 
prevent translation of the mRNA. 

5 

97. An antisense oligonucleotide having a sequence 
capable of specifically hybridizing to the genomic 
DNA of claim 46. 

10 98. An antisense oligonucleotide of either of claims 
96 or 97, wherein the oligonucleotide comprises 
chemically modified nucleotides or nucleotide 
analogues . 



15 99. 7^ antibody capable of binding to a YS receptor of 
claim 43. 



100. An antibody of claim 99, wherein the Y5 receptor 
is a human Y5 receptor. 

20 

101. An antibody capable of competitively inhibiting 
the binding of the antibody of claim 99 to a Y5 
receptor . 



25 102. An antibody of claim 99 wherein the antibody is a 
monoclonal antibody. 

103 . A monoclonal antibody of claim 102 directed to an 
epitope of a Y5 receptor present on the surface of 
30 a Y5 receptor expressing cell. 



104. A pharmaceutical composition comprising an amount 
of the oligonucleotide of .claim 96 capable of 
passing through a cell membrane effective to 
35 reduce expression of a human Y5 receptor and a 

pharmaceutical ly acceptable carrier capable of 
passing through a cell membrane. 
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105. A pharmaceutical composition of claim 104, wherein 
the oligonucleotide is coupled to a substance 
which inactivates mRNA. 

106. A pharmaceutical composition of claim 105. wherein 
the substance which inactivates mRNA is a 
ribozyme . 

107. A pharmaceutical composition of claim 104. wherein 
the pharmaceutically acceptable carrier comprises 
a structure which binds to a receptor on a cell 
capable of being taken up by the cells after 
binding to the structure. 

108. A pharmaceutical composition of claim 107 wherein 
the structure of the pharmaceutically acceptable 
carrier is capable of binding to a receptor which 
is specific for a selected cell type. 

20 109 A pharmaceutical composition which comprises an 
amount of the antibody of claim 99 effective to 
block binding of a ligand to the Y5 receptor and 
a pharmaceutically acceptable carrier. 

25 110. A transgenic nonhuman mammal expressing DNA 
encoding a human YS receptor of claim 50. 



15 



111. 



A transgenic nonhuman mammal comprising a 
homologous recombination knockout of the native Y5 
30 receptor. 

112 A transgenic nonhuman mammal whose genome 
comprises antisense DNA complementary to DNA 
encoding a human Y5 receptor of claim 50 so placed 
35 as to be transcribed into antisense mRNA which is 

complementary to mRNA encoding a Y5 receptor and 
which hybridizes to mRNA encoding a Y5 receptor 
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thereby reducing its translation. 



. The transgenic nonhuman mammal of either of claims 
110 or 111, wherein the DNA encoding a human Y5 
receptor additionally comprises an inducible 
promoter . 



. The transgenic nonhuman mammal of either of claims 
110 or 112, wherein the DNA encoding a human Y5 
receptor additionally comprises tissue specific 
regulatory elements. 



115. A transgenic nonhuman mammal of any of claims 120, 
121 or 122, wherein the transgenic nonhuman mammal 
15 is a mouse. 



116. A method for determining whether a ligand can 
specifically bind to a YS receptor which comprises 
contacting a cell transfected with and expressing 
DNA encoding the YS receptor with the ligand under 
conditions permitting binding of ligands to such 
receptor, and detecting the presence of any such 
ligand specifically bound to the Y5 receptor, so 
as to thereby determine whether the ligand 
specifically binds to the Y5 receptor. 

117. A method of claim 116 wherein the Y5 receptor is 
a human Y5 receptor. 

118. A method for determining whether a ligand can 
specifically bind to a Y5 receptor which comprises 
contacting a cell transfected with and expressing 
DNA encoding the Y5 receptor with the ligand under 
conditions permitting binding of ligands to such 
receptor, and detecting the presence of any such 
ligand specifically bound to the Y5 receptor, so 
as to thereby determine whether the ligand 
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specifically binds to the Y5 receptor, such Y5 
receptor being characterized by an amino acid 
sequence in the transmembrane region, such amino 
acid sequence having 60% homology or higher to the 
5 amino acid sequence in the transmembrane region of 

the Y5 receptor shown in Figure 6 . 

119. A method for determining whether a ligand can 
specifically bind to a human Y5 receptor which 

10 comprises contacting a cell transfected with and 

expressing DMA encoding the human Y5 receptor with 
the ligand under conditions permitting binding of 
ligands to such receptor, and detecting the 
presence of any such ligand specifically bound to 

15 the human Y5 receptor, so as to thereby determine 

whether the ligand specifically binds to the human 
Y5 receptor, such human Y5 receptor having 
substantially the same amino acid sequence as that 
shown in Figure 6. 

20 

120. A method for determining whether a ligand can 
specifically bind to a Y5 receptor which comprises 
preparing a cell extract from cells transfected 
with and expressing UNA encoding the Y5 receptor, 

25 isolating a membrane fraction from the cell 

extract, contacting the membrane fraction with the 
ligand under conditions permitting binding of 
ligands to such receptor, and detecting the 
presence of the ligand specifically bound to the 

30 Y5 receptor, so as to thereby determine whether 

the ligand specifically binds to the Y5 receptor. 

121. A method of claim 120 wherein the Y5 receptor is 
a human Y5 receptor. 

35 

122. A method for determining whether a ligand can 
specifically bind to a Y5 receptor which comprises 
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preparing a cell extract from cells transfected 
with and expressing DNA encoding the Y5 receptor, 
isolating a membrane fraction from the cell 
extract, contacting the membrane fraction with the 
ligand under conditions permitting binding of 
ligands to the Y5 receptor, and detecting the 
presence of the ligand specifically bound to the 
Y5 receptor, so as to thereby determine whether 
the ligand can specifically bind to the Y5 
receptor, such Y5 receptor being characterized by 
an amino acid sequence in the transmembrane region 
having 60% homology or higher to the amino acid 
sequence in the transmembrane region of the Y5 
receptor shown in Figure 6. 

123. A method for determining whether a ligand can 
specifically bind to a human Y5 receptor which 
con^jrises preparing a cell extract from cells 
transfected with and expressing DNA encoding the 
human Y5 receptor, isolating a membrane fraction 
from the cell extract, contacting the membrane 
fraction with the ligand under conditions 
permitting binding of ligands to the hiiman Y5 
receptor, and detecting the presence of the ligand 
specifically bound to the human Y5 receptor, so as 
to thereby determine whether the ligand can 
specifically bind to the human Y5 receptor, such 
human Y5 receptor having substantially the same 
amino acid sequence shown in Figure 6. 

124. A method of any one of claims 116, 117, lie, 119, 
120, 121, 122, or 123. wherein the ligand is not 
previously known. 

125. A ligand determined by the method of claim 124. 

126 . A method for determining whether a ligand is a Y5 
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receptor agonist which con^rises contacting a cell 
transfected with and expressing DNA encoding the 
Y5 receptor with the ligand under conditions 
permitting activation of the Y5 receptor, and 
5 detecting an increase in Y5 receptor activity, so 

as to thereby determine whether the ligand is a Y5 
receptor agonist. 

127. A method for determining whether a ligamd is a Y5 
10 receptor agonist which comprises preparing a cell 

extract from cells transfected with and expressing 
DNA encoding the Y5 receptor, isolating a membrane 
fraction from the cell extract, contacting the 
membrane fraction with the ligand under conditions 
15 permitting the activation of the Y5 receptor, and 

detecting an increase in Y5 receptor activity, so 
as to thereby determine whether the ligand is a Y5 
receptor agonist. 

20 128. A method of either of claims 126 or 127, wherein 
the Y5 receptor is a human Y5 receptor. 

129 . A method for determining whether a ligand is a Y5 
receptor antagonist which coinprises contacting a 

25 cell transfected with and expressing DNA encoding 

the Y5 receptor with the ligand in the presence of 
a known Y5 receptor agonist, such as PYY, under 
conditions permitting the activation of the Y5 
receptor, and detecting a decrease in Y5 receptor 

3Q activity, so as to thereby determine whether the 

ligand is a Y5 receptor antagonist. 

130. A method for determining whether a ligand is a Y5 
receptor antagonist which comprises preparing a 

35 cell extract from cells transfected with and 

expressing DNA encoding the Y5 receptor, isolating 
a membrane fraction from the cell extract. 
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contacting the membrane fraction with the ligand 
in the presence of a knovm Y5 receptor agonist, 
such as PYY, under conditions permitting the 
activation of the Y5 receptor, and detecting a 
5 decrease in Y5 receptor activity, so as to thereby 

determine whether the ligand is a Y5 receptor 
antagonist . 

131. A method of either of claims 129 or 130, wherein 
10 the Y5 receptor is a human Y5 receptor. 



132. A method of any one of claims 116, 117, 118, 119, 
120, 121, 122, 123, 124, 126, 127, 128, 129, 130, 
or 131, wherein the cell is an insect cell. 

15 

133. A method of any one of claims 116, 117, 118, 119, 
120, 121, 122, 123, 124, 126, 127, 128, 129, 130, 
or 131, wherein the cell is a mammalian cell. 



20 134. A method of claim 133, wherein the cell is 
nonneuronal in origin. 

135. A method of claim 134, wherein the nonneuronal 
cell is a COS-7 cell, 293 human embryonic kidney 

25 cell, NIH-3T3 cell or LM{tk-) cell. 

136. A method of claim 133 wherein the ligand is not 
previously known. 

30 137. A Y5 ligand determined by the method of claim 136. 



138. A pharmaceutical composition which comprises an 
amount of a Y5 receptor agonist determined by the 
method of either of claims 126 or 127 effective to 
35 increase activity of a Y5 receptor and a 

pharmaceutically acceptadDle carrier. 
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139. A pharmaceutical composition of claim 138 wherein 
the Y5 receptor agonist is not previously known. 

140. A pharmaceutical composition which comprises an 
5 amount of a Y5 receptor antagonist determined by 

the method of either of claims 129 or 130 
effective to reduce activity of a YS receptor and 
a pharmaceutically acceptable carrier. 

10 141. A pharmaceutical composition of claim 140 wherein 
the Y5 receptor antagonist is not previously 
known. 

142. A method of screening a plurality of chemical 
15 compounds not known to bind to a Y5 receptor to 

identify a compound which specifically binds to 
the Y5 receptor, which comprises 

(a) contacting a cell transfected with and 
expressing DNA encoding the Y5 receptor with 
a compound known to bind specifically to the 
Y5 receptor; 

(b) contacting the preparation of step (a> with 
25 the plurality of compounds not known to bind 

specifically to the Y5 receptor, under 
conditions permitting binding of compounds 
known to bind the Y5 receptor; 

determining whether the binding of the 
compound known to bind to the Y5 receptor is 
reduced in the presence of the compounds, 
relative to the binding of the compound in 
the absence of the plurality of compounds; 
35 and if so 



20 



30 (c) 



(d) 



separately determining the binding to the Y5 
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receptor of each compound included in the 
plurality of compounds, so as to thereby 
identify the compound which specifically 
binds to the Y5 receptor. 

143. A method of screening a plurality of chemical 
compounds not known to bind to a Y5 receptor to 
identify a compound which specifically binds to 
the YS receptor, which comprises 



10 



(a) preparing a cell extract from cells 
transf ected with and expressing DNA encoding 
the Y5 receptor, isolating a membrane 
fraction from the cell extract, contacting 

15 the membrane fraction with a compound known 

to bind specifically to the Y5 receptor; 

(b) contacting preparation of step (a) with the 
plurality of compounds not known to bind 

20 specifically to the Y5 receptor, under 

conditions permitting binding of compounds 
knovm to bind the Y5 receptor; 

(c) determining whether the binding of the 
25 compoxind known to bind to the Y5 receptor is 

reduced in the presence of the compounds, 
relative to the binding of the compound in 
the absence of the plurality of compounds; 
and if so 

30 

(d) separately determining the binding to the Y5 
receptor of each compound included in the 
plurality of compounds, so as to thereby 
identify the compound which specifically 

35 binds to the Y5 receptor. 



144. A method of claim 142 or claim 143 wherein the Y5 
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receptor is a humaui Y5 receptor. 

145. A method of screening a plurality of chemical 
compounds not known to activate a Y5 receptor to 
5 identify a con^und which activates the YS 

receptor which con^rises 

(a) contacting a cell transfected with and 
expressing the Y5 receptor with the 
j^O plurality of conqpounds not known to bind 

specifically to the Y5 receptor, under 
conditions permitting activation of the Y5 
receptor; 

15 (b) determining whether the activity of the Y5 

receptor is increased in the presence of the 
compounds; and if so 



20 



(c) separately determining whether the 
activation of the Y5 receptor is increased 
by each cotr^jound included in the plurality 
of compounds, so as to thereby identify the 
compound which activates the Y5 receptor. 

25 146. A method of screening a plurality of chemical 
compounds not known to activate a Y5 receptor to 
identify a compoxmd which activates the Y5 
receptor which comprises 

30 (a) preparing a cell extract from cells 

transfected with and expressing DNA encoding 
the Y5 receptor, isolating a membrane 
fraction from the cell extract, contacting 
the membrane fraction with the plurality of 

35 compotinds not known to bind specifically to 

the Y5 receptor, luider conditions permitting 
activation of the Y5 receptor; 
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(b) determining whether the activity of the Y5 
receptor is increased in the presence of the 
compounds; and if so 

(c) separately determining whether the 
activation of the Y5 receptor is increased 
by each compound included in the plurality 
of compounds, so as to thereby identify the 
compound which activates the Y5 receptor, 

A method of claim 145 or claim 146 wherein the Y5 
receptor is a human YS receptor. 

A method of screening a plurality of chemical 
compounds not known to inhibit the activation of 
a Y5 receptor to identify a compound which 
inhibits the activation of the Y5 receptor, which 
comprises 

(a) contacting a cell transfected with and 
expressing the Y5 receptor with the 
plurality of compounds in the presence of a 
known Y5 receptor agonist, under conditions 
permitting activation of the Y5 receptor; 

<b) determining whether the activation of the Y5 
receptor is reduced in the presence of the 
plurality of compounds, relative to the 
activation of the Y5 receptor in the absence 
of the plurality of compounds; and if so 

(c) separately determining the inhibition of 
activation of the Y5 receptor for each 
compound included in the plurality of 
compounds, so as to thereby identify the 
compound which inhibits the activation of 
the Y5 receptor. 
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149. A method of screening a plurality of chemical 
compounds not known to inhibit the activation of 
a Y5 receptor to identify a compound which 
inhibits the activation of the Y5 receptor, which 
comprises 

(a) preparing a cell extract from cells 
transf ected with and expressing DNA encoding 
the Y5 receptor, isolating a membrane 
fraction from the cell extract, contacting 
the membrane fraction with the plurality of 
compounds in the presence of a known Y5 
receptor agonist, under conditions 
permitting activation of the Y5 receptor; 

(b) determining whether the activation of the Y5 
receptor is reduced in the presence of the 
plurality of compounds, relative to the 
activation of the Y5 receptor in the absence 
of the plurality of cou^oimds ; and if so 



25 



(c) separately determining the inhibition of 
activation of the Y5 receptor for each 
compound included in the plurality of 
compounds, so as to thereby identify the 
compound which inhibits the activation of 
the Y5 receptor. 

150. A method of claim 148 or claim 149. wherein the Y5 
30 receptor is a human Y5 receptor. 

151. A method of any one of claims 143 to 150, wherein 
the cell is a mammalian cell. 

35 152. A method of claim 151, wherein the cell is non- 
neuronal in origin. 
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153. The method of claim 152 wherein the nonneuronal 
cell is a COS-7 cell, a 293 human embryonic kidney 
cell, a U<<tk-) cell or an NIH-3T3 cell. 

154. A pharmaceutical composition comprising a drug 
identified by the method of claim 147 and a 
pharmaceutically acceptable carrier. 

155. A pharmaceutical composition comprising a drug 
identified by the method of claim 150 and a 
pharmaceutically acceptable carrier. 



156 . A method of detecting expression of YS receptor by 
detecting the presence of mRNA coding for the Y5 
receptor which comprises obtaining total mRKA from 
the cell and contacting the mRNA so obtained with 
the nucleic acid probe of claim 93 under 
hybridizing conditions, detecting the presence of 
mRNA hybridized to the probe, and thereby 
detecting the eaqjression of the Y5 receptor by the 
cell. 



157. A method of treating an abnormality in a subject, 
wherein the abnormality is alleviated by the 
inhibition of a Y5 receptor which comprises 
administering to a subject an effective amount of 
the pharmaceutical composition of any of claims 
104, 105, 106, 107, 108, 109, 140, 141 or 155 
effective to decrease the activity of the Y5 
receptor in the subject, thereby treating the 
abnormality in the subject. 



158. The method of claim 157, wherein the abnormality 
is obesity or bulimia. 

35 

159. A method of treating an abnormality in a subject 
wherein the abnormality is alleviated by the 



wo 96^16542 



PCT/DS9S/15646 



-187- 



10 



15 



30 



35 



activation of a YS receptor which comprises 
administering to a subject an effective amoxint of 
the pharmaceutical composition of any of claims 
148, 139, or 154 effective to activate the Y5 
receptor in the svibject. 

160. The method of claim 159, wherein the abnormal 
condition is anorexia. 

161. A method of detecting the presence of a human Y5 
receptor on the surface of a cell which comprises 
contacting the cell with the antibody of claim 99 
under conditions permitting binding of the 
antibody to the receptor, detiecting the presence 
of the antibody bound to the cell, and thereby 
detecting the presence of a human Y5 receptor on 
the surface of the cell. 



162. A method of determining the physiological effects 
2Q of varying levels of activity of human Y5 

receptors which comprises producing a transgenic 
nonhuman mammal of claim 110 whose levels of human 
Y5 receptor activity are varied by use of an 
inducible promoter which regulates human Y5 
25 receptor expression. 

163 . A method of determining the physiological effects 
of varying levels of activity of human Y5 
receptors which comprises producing a panel of 
transgenic nonhuman mammals of claim 110 each 
expressing a different amount of human Y5 
receptor . 



164. A method for identifying an antagonist capable of 
alleviating an abnormality wherein the abnormality 
is alleviated by decreasing the activity of a 
human Y5 receptor comprising administering the 
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antagonist to the transgenic nonhuman mammal of 
any of claims 110 to 115, and determining whether 
the substance alleviates the physical and 
behavioral abnormalities displayed by the 
transgenic nonhuman mammal as a result of 
overactivity of a human YS receptor, the 
alleviation of the abnormality indicating the 
identification of an antagonist. 

. An antagonist identified by the method of claim 
164. 



. A pharmaceutical composition comprising an 
antagonist identified by the method of claim 164 
and a pharmaceutically acceptable carrier. 



20 



25 



30 



167. A method of treating an abnormality in a subject 
wherein the abnormality is alleviated by 
decreasing the activity of a human YB receptor 
which comprises administering to a subject an 
effective amount of the pharmaceutical composition 
of claim 166, thereby treating the abnormality. 

168. A method for identifying an agonist capable of 
alleviating an abnormality in a subject wherein 
the abnormality is alleviated by increasing the 
activity of a human Y5 receptor comprising 
administering the agonist to the transgenic 
nonhuman mammal of claims 11 0 to 115, and 
determining whether the substance alleviates the 
physical and behavioral abnormalities displayed by 
the transgenic nonhuman mammal, the alleviation of 
the abnormality indicating the identification of 
an agonist. 



35 



169. An agonist identified by the method of claim 168. 
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170. A pharmaceutical coxnpositioh comprising an agonist 
identified by the method of claim 168 and a 
pharmaceutically acceptable carrier. 

5 171. A method for treating an abnormality in a subject 
wherein the abnormality is alleviated by 
increasing the activity of a human YB receptor 
which comprises administering to a subject an 
effective amount of the pharmaceutical composition 
10 of claim 170, thereby treating the abnormality. 

172. A method for diagnosing a predisposition to a 
disorder associated with the activity of a 
specific human Y5 receptor allele which comprises: 

obtaining DNA of subjects suffering from the 
disorder; 

performing a restriction digest of the DNA 
with a panel of restriction enzymes; 

electrophoretically separating the resulting 
DNA fragments on a sizing gel; 

contacting the resulting gel with a nucleic 
acid probe capable of specifically 
hybridizing with a unique sequence included 
within the sequence of a nucleic acid 
molecule encoding a human Y5 receptor and 
labelled with a detectable marker; 

detecting labelled bands which have 
hybridized to the DNA encoding a human Y5 
receptor of claim 50 labelled with a 
detectable marker to create a unique band 
pattern specific to the DNA of subjects 
suffering from the disorder; 



b. 



20 



25 



d. 



30 



35 
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£. preparing DNA obtained for diagnosis by 
steps a-e; and 

g. comparing the unique band pattern specific 
5 to the DNA of subjects suffering from the 

disorder from step e and the DNA obtained 
for diagnosis from step f to determine 
whether the patterns are the sjame or 
different and to diagnose thereby 
10 predisposition to the disorder if the 

patterns are the same. 

173. The method of claim 172 wherein a disorder 
associated with the activity of a specific human 

15 YS receptor allele is diagnosed. 

174 . A method of preparing the purified Y5 receptor of 
claim 60 which comprises: 

20 a. inducing cells to express Y5 receptors- 

fa. recovering the receptor from the induced 
cells; and 

25 c. purifying the receptor so recovered. 



175. A method of preparing the purified. YS receptor of 
claim 60 which comprises: 



30 



a. inserting nucleic acid encoding Y5 receptor 
in a suitable vector; 

b. introducing the resulting vector in a 
35 suitable host cell; 

c . placing the resulting cell in suitable 
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conditlon permitting the production of the 
isolated Y5 receptor; 

d. recovering the receptor produced by the 
resulting cell; and 

e. purifying the receptor so recovered. 
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FIGURE 9 
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FIGURE 10 
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FIGURE 12 
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FIGURE 1 3A Silver grain density: 




FIGURE 13C 
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FIGURE 13D 




FIGURE 13F 
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FIGURE 13G 




FIGURE 13H 
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FIGURE 16A 
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FIGURE 16B 
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FIGURE 16C 
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FIGURE 17A 
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FIGURE 17B 
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BOX n. OB^VATIONS WHERE UNITY OF INVENTION WAS LACKINO 
Thtt IS A found I 



This appticatkm ooattint the foUowmg invenlaona or fRNi|M of iavealiofia whkh are not ao linkod aa to foim a uag 
inventive eonocpiQader per Rule 13.1. In order for aU invMteit 10 be oumfawd. the a|i|m^ 
eaiamination feea mutt be paid. 

Group I, ebims 1. 3-6. and 2S-42. dnwn lo a method of modi^rios feedint behavior and to a method of treating a 
feedins diaorder neint • YS I 



Group n, etahns 1-3. 5-17. and 18-27. drMvnio a method of modiiytag teUog behavior and lo a method of treating a 
t dirorder U8h« a Y5 receptor I 



Group in. cUima 43-59, 61-9S and drawn to an iaolated nudcae acid molecule encoding a Y5 reo^r, a vector 
oompriaing mad volated nucleic acid moleeuk. a probe oooapriaing aaid irolaied nuclete acid moleeok. a oeU 
flomnriaingaaidMobtodnucieic acid molecule, and a phan M oe i^ fa 



Group IV, clana 60. 174. and 175. dmwn lo a purified Y5 



of 



Groiq> V. claimt 99-103 and 109 drawn to an antibody to Y5 roeef«or protein, a L 
TOnyg«t>f'^'*'^'^inrrifi^ 110-115, drawn to a tmnagenie animal and fiiA method of i 



Group Vn. ekima 125. 137-141. 154. 155. 165. 166. 169. and 170, dimwn to a Y5 rooeptor Ugand. • phar maocuticd 
coovoeiiion,andaanig.GroupVni, elaim 156. druwn to • method of drtecting««p«eeioB of a Y5 receptor uamg the 
product of Croup m. 

Group DC, claimi 157-160. 166-167 and 171. drawn to a medmd of treating an abnormality. 

Gioup X, claim 164. drawn to a method of tdeotiiying an antagooiil uaii^g a tranige^ 

Group Xi, claim 168 , drawn to a method of identic an agonltt uaing a tnntgcnie animal. 

Group Xn. elaima 172 and 173. drawn to a method of diagnoaing a prodiipoaltion to a dUorder uaing a nucleic ecid 
probed for Y5. 

Group Xm. cUimi 116-124, 126-136 and 142-153 are drawn to a method for dctemiining ligand bincUng to a receptor. 

Group XIV , claim 161 , drawn to a method of dctoding the pie«a)ce of a receptor on a ccU auriace.Group XV, elaima 
162-163, drawnto a method of detcnning the phyaiologica] cRecU uting transgenic animali. 

The invcntiona liatod aa Groups l-XD do not leUto to a aingleioveative cono^ under PCT Rule 1 3 . 1 because, under 
per Rule 13.2, they lack the same or concaponding apecial technical feauiraa for the following reasons. Groups m- 
Vn are products. Theproductsclaimed are an iaolatod nucleic acid molecufc encoding a Y5 rooeptt^ 
comprising said iaolated nucleic acid mokcule, a probe compris 

compfiiing said isolated nucleic acid molecule, a pharmaceutica] composition comprising said isolated nucleic acid 
molowte (Group nn. the Y5 protein (Group IV), an antibody to Y5re^ a transgenic ammal 

(Group VI). ami to a Y5 receptor ligand (Group YD). Tlic produrta are diatinrt becauae they are made by maienaDy 
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different roethodf, and btvc different ttfiic^^ For cMinpk,the DNA Md vcelor «» 

oonpmed of niickk mcids Aod biad ocMX^Ieti^^ The precdnii oooqiriied of imino actdt and binds i^ 

lj piut The tfiMfcnic antmiJ ii an ofyamBin and ii not a molecule, like the other producu. Gnmpt 1. D, ID, IV, V, 
Vl.Vin. IX, X.XI. XnandXm-XVaredifetntiiiethodi,iavohangdi^ Note 
that PCT Rule 13 doea not provide for nukipb methods within a aiacle application. 

This appUcatkmooitfaiasclaans directed to more than one speciea of the Hwae species are 

deemedtoiack Unity of Invcalion becatiae Ih^ tie not ao liaked u to fonn a aiaffe inventive conoept under KT Rule 

13.1. In Older for more than one spociea to be €«aminod, the appropriate addition^ 
The species are ai foUowi: 

Orovp vn, claims 125, 137-141, 154, 155. 165, 166, 169, and 170, drawn to a Y5 receptor Itguid, a phannaoo^ 
oonposition. and a dnig. 

The claims are deeined to concspond to the species lisled abovo in Ifa^ 

Species A, agonist (elaims 138, 139, 169, and 170)Speeies B, afltagofiiit (daima 140, 141. 165, and 166)The foUowiog 
ckims are ccaeric: elaims 125. 137, 154, and 155. 

The species listed above do not relate to a singfe inventive concept under 1^ 

13.2. the species lack the same or comaponding special technical fcstures for the foUowing rsasons. The species are 
diflerent reagents and serve different purposes, producing ekher inha>ition (aotagonist) or stimulation (agonist) of 
leocptor activity. 

Thit application contains claims directed to more than one species of the generic invention. These species are deemed 
to bck Unity of Invention because they are not so linked as to form a single inventive concept under PCT Rule 13.1. 
in order foimore than one apeciea to be eaamined, theapptoprisleadditi on a ka ui min a tio n fees muM be paid. Thespeeies 
are as foUowa: 

Group IX. claims 157-160. 166-167 and 171, dmwn to a method of treating an ahnormaliQf. 

Tlie cUims are deemed to correspond to the species listed thaw m the foUowing manner 

Species A. nucleic acid (claim 157) 

Speoes B, antfoody (claim 157) 

Species C. antagonist (claims 159 and 166) 

Species D. agonist (elaims 159 and 171) 

The foUowii^ ckims are fenerie: daima 15t and 160. 

The species Bstod above do not lehrte to a amgk inventive ooooepl under ICT 

13 2, the species lack the s«nc or corresponding specislwrhninal fcatuies for the foUowing waaens. Hie species are 
difl<^ classes of reageotsmade by matcriaUy dilfcrertt mrthodi. and h^^ 

prepeities . and serve different purposes . producing eidier tahfokion (afgagooisO or stimulation (agonist) of recqitor 
activity. 
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